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(57) Abstract 

Receptor recognition factors exist that recognize the spe- 
cific cell receptor to which a specific ligand has been bound, 
and that may thereby signal and/or initiate the binding of the 
transcription factor to the DNA site. The receptor recognition 
factor is in one instance, a part of a transcription factor, and al- 
so may interact with other transcription factors to cause them to 
activate and travel to the nucleus for DNA binding. The recep- 
tor recognition factor appears to be second-messenger-inde- 
pendent in its activity, as overt perturbations in second mes- 
senger concentrations are of no effect. The concept of the inven- 
tion is illustrated by the results of studies conducted with inter- 
feron (IFN)-stimulated gene transcription, and particularly, the 
activation caused by both IFNa and IFNy. Specific DNA se- 
quences have been prepared that correspond to polypeptide 
fragments of two of the ISGF-3 genes, and antibodies have also 
been prepared and tested. The polypeptides confirm direct in- 
volvement of tyrosine kinase in intracellular message trans- 
mission. Numerous diagnostic and therapeutic materials and 
utilities are also disclosed. 
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IFN RECEPTORS RECOGNITION FACTORS, PROTEIN SEQUENCES AND METHODS OF USE 
THEREOF. 



RELATED PUBLICATIONS 

5 

The Applicants are authors or co-authors of several articles directed to the subject 
matter of the present invention. (1) Darnell et al,/Interferon-Dependent 
Transcriptional Activation: Signal Transduction Without Second Messenger 
Involvement?" THE NEW BIOLOGIST . 2fl0):l-4. (1990); (2) X. Fu et al., 

10 "ISGF3, The Transcriptional Activator Induced by Interferon a, Consists of 
Multiple Interacting Polypeptide Chains" PROC. NATL. ACAD. SCI. USA , 
22:8555-8559 (1990); (3) D.S. Kessler et al., "IFNa Regulates Nuclear 
Translocation and DNA-Binding Affinity of ISGF3, A Multimeric Transcriptional 
Activator" GENES AND DEVELOPMENT . 4:1753 (1990). All of tiie above 

15 listed articles are incorporated herein by reference. 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates generally to intracellular receptor recognition 
20 proteins or factors(i.e. groups of proteins), and to methods and compositions 

including such factors or the antibodies reactive toward them, or analogs thereof in 
assays and for diagnosing, preventing and/or treating cellular debilitation, 
derangement or dysfunction. More particularly, the present invention relates to 
particular IFN-dependent receptor recognition molecules that have been identified 
25 and sequenced, and that demonstrate direct participation in intracellular events, 
extending from interaction with the liganded receptor at the cell surface to 
transcription in the nucleus, and to antibodies or to other entities specific thereto 
that may thereby selectively modulate such activity in mammalian cells. 

30 BACKGROUND OF THE INVENTION 



There are several possible pathways of signal transduction tiiat might be followed 
after a polypeptide ligand binds to its cognate cell surface receptor. Within 
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minutes of such ligand-receptor interaction, genes that were previously quiescent 
are rapidly transcribed (Murdoch et al., 1982; Larner et al., 1984; Friedman et 
al., 1984; Greenberg and Ziff, 1984; Greenberg et al,, 1985). One of the most 
physiologically important, yet poorly understood, aspects of these immediate 
5 transcriptional responses is their specificity: the set of genes activated, for 

example, by platelet-derived growth factor (PDGF), does not completely overlap 
with the one activated by nerve growth factor (NGF) or tumor necrosis factor 
(TNF) (Cochran et al., 1983; Greenberg et al., 1985; Almendral et al., 1988; Lee 
et al., 1990). The interferons (IFN) activate sets of other genes entirely. Even 
10 IFNa and IFNy, whose presence results in the slowing of cell growth and in an 
increased resistance to viruses (Tamm et al., 1987) do not activate exactly the 
same set of genes (Lamer et al., 1984; Friedman et al., 1984; Celis et al., 1987, 
1985; Lamer etal., 1986). 

15 The current hypotheses related to signal transduction pathways in the cytoplasm do 
not adequately explain the high degree of specificity observed in polypeptide- 
dependent transcriptional responses. The most commonly discussed pathways of 
signal transduction that might ultimately lead to the nucleus depend on properties 
of cell surface receptors containing tyrosine kinase domains [for example, PDGF, 

20 epidermal growth factor (EGF), colony-stimulating fector (CSF), insulm-like 

grov/th factor-1 aCF-l); see Gill, 1990; Hunter, 1990) or of receptors that interact 
with G-proteins (Oilman, 1987). These two groups of receptors mediate changes 
in the intracellular concentrations of second messengers that, in turn, activate one 
of a series of protein phosphokinases, resulting in a cascade of phosphorylations 

25 (or dephosphorylations) of cytoplasmic proteins. 

It has been widely conjectured that the cascade of phosphorylations secondary to 
changes in intracellular second messenger levels is responsible for variations in the 
rates of transcription of particular genes (Bourne, 1988, 1990; Berridge, 1987; 
30 Gill, 1990; Hunter, 1990). However, there are at least two reasons to question 
the suggestion that global changes in second messengers participate in the chain of 
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events leading to specific transcriptional responses dependent on specific receptor 
occupation by polypeptide ligands. 

First, there is a limited number of second messengers (cAMP, diacyl glycerol, 
5 phosphoinositides, and Ca^^ are the most prominently discussed), whereas the 
number of known cell surface receptor-ligand pairs of only the tyrosine kinase and 
G-protein varieties, for example, already greatly outnumbers the list of second 
messengers, and could easily stretch into the hundreds (Gill, 1990; Hunter, 1990). 
In addition, since many different receptors can coexist on one cell type at any 

10 instant, a cell can be called upon to respond simultaneously to two or more 
different ligands with an individually specific transcriptional response each 
involving a different set of target genes. Second, a number of receptors for 
polypeptide ligands are now known that have neither tyrosine kinase domains nor 
any structure suggesting interaction with G-proteins. These include the receptors 

15 for interleukin-2 (IL-2) (Leonard et al., 1985), IFNa (Uze et al., 1990), IFNy 
(Aguet et al., 1988), NGF (Johnson et al., 1986), and growtii hormone (Leung et 
al., 1987), The binding of each of these receptors to its specific ligand has been 
demonstrated to stimulate transcription of a specific set of genes. For tiiese 
reasons it seems unlikely that global intracellular fluctuations in a limited set of 

20 second messengers are integral to the pathway of specific, polypeptide ligand- 
dependent, immediate transcriptional responses. 

In PCT International Publication No. WO 92/08740 published 29 May, 1992 by 
the applicant herein, the above analysis was presented and it was discovered and 

25 proposed that a receptor recognition factor or factors, served in some capacity as a 
type of direct messenger between liganded receptors at the cell surface and the cell 
nucleus. One of the characteristics that was ascribed to the receptor recognition 
factor was its apparent lack of requirement for changes in second messenger 
concentrations. Continued investigation of the receptor recognition factor through 

30 study of the actions of the interferons IFNa and IFN7 has further elucidated the 
characteristics and structure of the interferon-related factor ISGF-3, and more 
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broadly, the characterization and structure of the receptor recognition factor in a 
manner that extends beyond earlier discoveries previously described. It is 
accordingly to the presentation of this updated characterization of the receptor 
recognition factor and the materials and methods both diagnostic and therapeutic 
5 corresponding thereto that the present disclosure is directed. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, receptor recognition factors have been 
10 further characterized that appear to interact directly with receptors that have been 
occupied by their ligand on cellular surfaces, and which in turn either become 
active transcription factors, or activate or direcfly associate with transcription 
factors that enter the cells' nucleus and specifically binds on predetermined sites 
and thereby activates the genes. It should be noted that the receptor recognition 
15 proteins thus possess multiple properties, among them: 1) recognizing and being 
activated during such recognition by receptors; 2) being translocated to the nucleus 
by an inhibitable process (eg. NaF inhibits translocation); and 3) combining with 
transcription activating proteins or acting themselves as transcription activation 
proteins, and that all of these properties are possessed by the proteins described 
20 herein. 

The receptor recognition factor is proteinaceous in composition and is believed to 
be present in the cytoplasm. The recognition factor is not demonstrably affected 
by concentrations of second messengers, however does exhibit direct interaction 
25 with tyrosine kinase domains, although it exhibits no apparent interaction with G- 
proteins. More particularly, the factor represented by SEQ ID NO:2 directly 
interacts with DNA after acquiring phosphate on tyrosine located at or about 
position 690 of the amino acid sequence. 

30 The recognition factor is now known to comprise several proteinaceous 

substituents, in the instance of IFNa and IFNy. Particularly, three proteins 
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derived from the factor ISGF-3 have been successfully sequenced and their 
sequences are set forth in FIGURES 1, 2 and 3 herein, and corresponding 
Sequence Identification Nos. 1, 2 and 3. It is particularly noteworthy that the 
protein sequence of FIGURE 1 and the sequence of the proteins of FIGURES 2 
5 and 3 derive, respectively, from two different but related genes. It is clear from 
this discovery that a family of genes exists, and that further family members 
likewise exist. Accordingly, by use of hybridization techniques, additional such 
family members will be found. Further, the capacity of such family members to 
function in the manner of the receptor recognition factors disclosed, herein may be 
10 assessed by determining those ligand that cause the phosphorylation of the 
particular family members. 

In its broadest aspect, the present invention extends to a receptor recognition 
factor implicated in the transcriptional stimulation of genes in target cells in 
15 response to the binding of a specific polypeptide ligand to its cellular receptor on 
said target cell, said receptor recognition factor having the following 
characteristics: 

a) apparent direct interaction with the ligand-bound receptor complex 
and activation of one or more transcription factors capable of binding with a 

20 specific gene; 

b) an activity demonstrably unaffected by the presence or concentration 
of second messengers; 

c) direct interaction with tyrosine kinase domains; and 

d) a perceived absence of interaction with G-proteins. 

25 

More particularly, the receptor recognition factor represented by SEQ ID N0:2 
possesses the added capability of acting as a translation protein and, in particular, 
as a DNA binding protein in response to interferon-7 stimulation. This discovery 
presages an expanded role for the proteins in question, and other proteins and like 
30 factors that have heretofore been characterized as receptor recognition factors. It 
is therefore apparent that a single factor may indeed provide the nexus between the 
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liganded receptor at the cell surface and direct participation in DNA transcriptional 
activity in the nucleus. This pleiotypic fector has the following characteristics: 

a) It interacts with an interferon-7-bound receptor kinase complex; 

b) It is a tyrosine kinase substrate; and 

5 c) When phosphorylated, it serves as a DNA binding protein. 

More particularly, the factor represented by SEQ ID NO:2 is interferon-dependent 
in its activity and is responsive to interferon stimulation, particularly that of 
interferon-7. 

10 

In a still further aspect, the present invention extends to a receptor recognition 
factor interactive with a liganded interferon receptor, which receptor recognition 
factor possesses the following characteristics: 
a) it is present in cytoplasm; 
15 b) it undergoes tyrosine phosphorylation upon treatment of cells with IFNa 

or IFN7; 

c) it activates transcription of an interferon stimulated gene; 

d) it stimulates either an ISRE-dependent or a gamma activated site 
(GAS)-dependent transcription in vivo; 

20 e) it interacts with IFN cellular receptors, and 

f) it undergoes nuclear translocation upon stimulation of the IFN cellular 
receptors with IFN. 

The factor of the invention represented by SEQ ID N0:2 appears to act in similar 
25 fashion to an earlier determined site-specific DNA binding protein that is 
interferon-7 dependent and that has been earlier called the 7 activating factor 
(GAF). Specifically, interferon-7-dependent activation of this factor occurs 
without new protein synthesis and appears within minutes of interferon-7 
treatment, achieves maximum extent between 15 and 30 minutes thereafter, and 
30 then disappears after 2-3 hours. These further characteristics of identification and 
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action assist in the evaluation of the present factor for applications having both 
diagnostic and therapeutic significance. 

The present invention also relates to a recombinant DNA molecule or cloned gene, 
5 or a degenerate variant thereof, which encodes a receptor recognition factor, or a 
fragment thereof, that possesses a molecular weight and DNA sequence selected 
from a molecular weight of about 113 kD and the DNA sequence set forth in 
FIGURE 1 (SEQ ID N0:1), a molecular weight of about 91 kD and the DNA 
sequence set forth in FIGURE 2 (SEQ ID N0:2), and a molecular weight of about 
10 84 kD and the DNA sequence set forth in FIGURE 3 (SEQ ID NO:3). 

The human DNA sequences of the receptor recognition factors of the present 
invention or portions thereof, may be prepared as probes to screen for 
complementary sequences and genomic clones in the same or alternate species. 

15 The present invention extends to probes so prepared that may l>e provided for 
screening cDNA and genomic libraries for the receptor recognition factors. For 
example, the probes may be prepared with a variety of known vectors, such as the 
phage X vector. The present invention also includes the preparation of plasmids 
including such vectors, and the use of the DNA sequences to construct vectors 

20 expressing antisense RNA or ribozymes which would attack the mRNAs of any or 
all of the DNA sequences set forth in FIGURES 1, 2 and 3. Correspondingly, the 
preparation of antisense RNA and ribozymes are included herein. 

The present invention also includes receptor recognition factor proteins having the 
25 activities noted herein, and that display the amino acid sequences set forth and 
described above and selected from SEQ ID NO:l, SEQ ID N0:2 and SEQ ID 
N0:3. 

In a further embodiment of the invention, the full DNA sequence of the 
30 recombinant DNA molecule or cloned gene so determined may be operatively 
linked to an expression control sequence which may be introduced into an 
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appropriate host. The invention accordingly extends to unicellular hosts 
transformed with the cloned gene or recombinant DNA molecule comprising a 
DNA sequence encoding the present receptor recognition fector(s), and more 
particularly, the complete DNA sequence determined from the sequences set forth 
5 above and in SEQ ID NO: 1, SEQ ID N0:2 and SEQ ID N0:3. 

According to other preferred features of certain preferred embodiments of the 
present invention, a recombinant expression system is provided to produce 
biologically active animal or human receptor recognition factor. 

10 

The concept of the receptor recognition factor contemplates that specific factors 
exist for correspondingly specific ligands, such as tumor necrosis factor, nerve 
growth factor and the like, as described earlier. Accordingly, the exact structure 
of each receptor recognition factor will understandably vary so as to achieve this 
15 ligand and activity specificity. It is this specificity and the direct involvement of 
the receptor recognition factor in the chain of events leading to gene activation, 
that offers the promise of a broad spectrum of diagnostic and therapeutic utilities. 

The present invention naturally contemplates several means for preparation of the 
20* recognition factor, including as illustrated herein known recombinant techniques, 
and die invention is accordingly intended to cover such syntiietic preparations 
within its scope. The isolation of the cDNA amino acid sequences disclosed 
herein facilitates the reproduction of die recognition factor by such recombinant 
techniques, and accordingly, the invention extends to expression vectors prepared 
25 from the disclosed DNA sequences for expression in host systems by recombinant 
DNA techniques, and to the resulting transformed hosts. 

The invention includes an assay system for screening of potential drugs effective to 
modulate transcriptional activity of target mammalian cells by interrupting or 
30 potentiating Uie recognition factor or factors. In one instance, the test drug could 
be administered to a cellular sample with the ligand tiiat activates tiie receptor 
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recognition factor, or an extract containing the activated recognition factor, to 
determine its effect upon the binding activity of the recognition factor to any 
chemical sample (including DNA), or to the test drug, by comparison with a 
control. 

5 

The assay system could more importantly be adapted to identify drugs or other 
entities that are capable of binding to the recq)tor recognition and/or transcription 
factors or proteins, either in the cytoplasm or in the nucleus, thereby inhibiting or 
potentiating transcriptional activity. Such assay would be useful in the 
10 development of drugs that would be specific against particular cellular activity, or 
that would potentiate such activity, in time or in level of activity. For example, 
such drugs might be used to modulate cellular response to shock, or to treat other 
pathologies, as for example, in making IFN more potent against cancer. 

15 One of the characteristics of the present receptor recognition factors is their 

participation in rajpid phosphorylation and dephosphorylation during the course of 
and as part of their activity. Significantiy, such phosphorylation takes place in an 
interferon-dependent manner and within a few minutes in the case of die ISGF-3 
proteins identified herein, on the tyrosine residues defined thereon. This is strong 

20 evidence that the receptor recognition factors disclosed herein are the first* true 
substrates whose intracellular function is well understood and whose intracellular 
activity depends on tyrosine kinase phosphorylation. In particular, the addition of 
phosphate to the tyrosine of a transcription factor is novel. This suggests further 
that tyrosine kinase takes direct action in the transmission of intracellular signals to 

25 the nucleus, and does not merely serve as a promoter or mediator of serine and/or 
serinine kinase activity, as has been theorized to date. Also, the role of the factor 
represented by SEQ ID N0:2 in its activated phosphorylated form suggests 
possible independent therapeutic use for tiiis activated form. Likewise, the role of 
the factor as a tyrosine kinase substrate suggests its interaction with kinase in otiier 

30 theatres apart from the complex observed herein. 
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The diagnostic utility of the present invention extends to the use of the present 
receptor recognition factors in assays to screen for tyrosine kinase inhibitors. 
Because the activity of the receptor recognition-transcriptional activation proteins 
described herein must maintain tyrosine phosphorylation, they can and presumably 
5 are dephosphorylated by specific tyrosine phosphatases. Blocking of the specific 
phosphatase is therefore an avenue of pharmacological intervention that would 
potentiate the activity of the receptor recognition proteins. 

Ifhe present invention likewise extends to the development of antibodies aga^ st the 
10 receptor recognition factor(s), including naturally raised and recombinantly 
prepared antibodies. For example, die antibodies could be used to screen 
expression libraries to obtain the gene or genes tiiat encode the recq)tor 
recognition factor(s). Such antibodies could include both polyclonal and 
monoclonal antibodies prepared by known genetic techniques, as well as bi- 
15 specific (chimeric) antibodies, and antibodies including other functionalities suiting 
them for additional diagnostic use conjunctive witii their capability of modulating 
transcriptional activity. 

In particular, antibodies against specifically phosphorylated factors can be selected 
20 and are included within the scope of the present invention for tiieir particular 
ability in following activated protein. Thus, activity of die recognition factors or 
of die specific polypeptides believed to be causally connected thereto may 
therefore be followed directly by tiie assay techniques discussed later on, through 
die use of an appropriately labeled quantity of die recognition factor or antibodies 
25 or analogs thereof. 

Thus, the receptor recognition factors, their analogs and/or analogs, and any 
antagonists or antibodies tiiat may be raised thereto, are capable of use in 
connection widi various diagnostic techniques, including immunoassays, such as a 
30 radioimmunoassay, using for example, an antibody to the receptor recognition 
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factor that has been labeled by either radioactive addition, reduction with sodium 
borohydride, or radioiodination. 

In an immunoassay, a control quantity of the antagonists or antibodies thereto, or 
5 the like may be prepared and labeled with an enzyme, a specific binding partner 

and/or a radioactive element, and may then be introduced into a cellular sample. 

After the labeled material or its binding partner(s) has had an opportunity to react 

with sites within the sample, the resulting mass may be examined by known 

techniques, which may vary with the nature of the label attached. For example, 
10 antibodies against specifically phosphorylated factors may be selected and 

appropriately employed in the exemplary assay protocol, for the purpose of 

following activated protein as described above. 

In the instance where a radioactive label, such as the isotopes ^H, *^C, "P, ^^S, 
15 ^Cl, ^*Cr, ^^Co, **Co, ^^Fe, ^Y, ^"l, "^I, and "*Re are used, known currenUy 
available counting procedures may be utilized. In the instance where the label is 
an enzyme, detection may be accomplished by any of the presently utilized 
colorimetric, spectrophotometric, fluorospectrophotometric, amperometric or 
gasometric techniques known in the art. 

20 

The present invention includes an assay system which may be prepared in the form 
of a test kit for the quantitative analysis of the extent of the presence of the 
recognition factors, or to identify drugs or other agents that may mimic or block 
their activity. The system or test kit may comprise a labeled component prepared 

25 by one of the radioactive and/or enzymatic techniques discussed herein, coupling a 
label to the recognition factors, their agonists and/or antagonists, and one or more 
additional immunochemical reagents, at least one of which is a free or 
immobilized ligand, capable either of binding with the labeled component, its 
binding partner, one of the components to be determined or their binding 

30 partner(s). 



wo 93/19179 



PCr/US93/02569 



12 

In a fiirther embodiment, the present invention relates to certain therapeutic 
methods which would be based upon the activity of the recognition factor(s), its 
(or their) subunits, or active fragments thereof, or upon agents or other drugs 
determined to possess the same activity. A first therapeutic method is associated 
5 with the prevention of the manifestations of conditions causally related to or 
following from the binding activity of the recognition factor or its subunits, and 
comprises administering an agent capable of modulating the production and/or 
activity of the recognition fector or subunits thereof, either individually or in 
mixture with each other in an amount effective to prevent the development of 

10 those conditions in the host. For example, drugs or other binding partners to the 
receptor recognition/transcription factors or proteins may be administered to 
inhibit or potentiate transcriptional activity, as in the potentiation of interferon in 
cancer therapy. Also, the blockade of the action of specific tyrosine phosphatases 
in the dephosphorylation of activated (phosphorylated) recognition/transcription 

15 factors or proteins presents a method for potentiating the activity of the receptor 
recognition factor or protein that would concomitanfly potentiate therapies based 
on receptor recognition factor/protein activation. 

More specifically, the tiierapeutic method generally referred to herein could 
20 include tiie method for the treatment of various pathologies or other cellular 
dysfunctions and derangements by the administration of pharmaceutical 
compositions that may comprise effective inhibitors or enhancers of activation of 
the recognition factor or its subunits, or other equally effective drugs developed 
for instance by a drug screening assay prepared and used in accordance with a 
25 further aspect of the present invention. For example, drugs or otiier binding 

partners to the receptor recognition/ transcription factor or proteins, as rq)resented 
by SEQ ID N0:2, may be administered to inhibit or potentiate transcriptional 
activity, as in the potentiation of interferon in cancer therapy. Also, the blockade 
of tiie action of specific tyrosine phosphatases in the dephosphorylation of 
30 activated (phosphorylated) recognition/transcription factor or protein presents a 
method for potentiating the activity of the receptor recognition factor or protein 
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that would concomitantly potentiate therapies based on receptor recognition 
factor/protein activation. Correspondingly, the inhibition or blockade of the 
activation or binding of the recognition/transcription factor would affect MHC 
Class II expression and consequently, would promote immunosuppression • 
5 Materials exhibiting this activity, as illustrated later on herein by staurosporine, 
may be useful in instances such as the treatment of autoimmune diseases and graft 
rejection, where a degree of immunosuppression is desirable. 

In particular, the proteins of ISGF-3 whose sequences are presented in SEQ ID 
10 NOS: 1-3 herein, their antibodies, agonists, antagonists, or active fragments 
thereof, could be prepared in pharmaceutical formulations for administration in 
instances wherein interferon therapy is appropriate, such as to treat chronic viral 
hepatitis, hairy cell leukemia, and for use of interferon in adjuvant therapy. The 
specificity of the receptor proteins hereof would make it possible to better manage 
15 the aftereffects of current interferon therapy, and would thereby make it possible 
to apply interferon as a general antiviral agent. 

Accordingly, it is a principal object of the present invention to provide a receptor 
recognition factor and its subunits in purified form that exhibits certain 
20 characteristics and activities associated with transcriptional promotion of cellular 
activity. 

It is a further object of the present invention to provide antibodies to the receptor 
recognition factor and its subunits, and methods for their preparation, including 
25 recombinant means. 

It is a further object of the present invention to provide a method for detecting the 
presence of the receptor recognition factor and its subunits in mammals in which 
invasive, spontaneous, or idiopathic pathological states are suspected to be present. 

30 



wo 93/19179 



PCr/US93/02569 



14 

It is a further object of the present invention to provide a method and associated 
assay system for screening substances such as drugs, agents and the like, 
potentially effective in either mimicking the activity or combating the adverse 
effects of the recognition factor and/or its subunits in mammals. 

5 

It is a still further object of the present invention to provide a method for the 
treatment of mammals to control the amount or activity of the recognition factor or 
subunits thereof, so as to alter the adverse consequences of such presence or 
activity, or where beneficial, to enhance such activity. 

10 

It is a still further object of the present invention to provide a method for the 
treatment of mammals to control the amount or activity of the recognition factor or 
its subunits, so as to treat or avert the adverse consequences of invasive, 
spontaneous or idiopathic pathological states. 

15 

It is a still further object of the present invention to provide pharmaceutical 
compositions for use in therapeutic methods v/hich comprise or are based upon the 
recognition factor, its subunits, their binding partner(s), or upon agents or drugs 
that control the production, or that mimic or antagonize the activities of the 
20 recognition factors. 

Other objects and advantages will become apparent to those skilled in the art from 
a review of the ensuing description which proceeds with reference to the following 
illustrative drawings, 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 depicts the full receptor recognition factor nucleic acid sequence and 
the deduced amino acid sequence derived for the ISGF-3a gene defining the 1 13 
30 kD protein. The nucleotides are numbered from 1 to 2553, and the amino acids 
are numbered from 1 to 851. This sequence is identically depicted in the 
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SEQUENCE LISTING presented later on herein, in accordance with 37 C.F.R. 
K82I-825, enacted October 1, 1990, and is cumulatively and alternately referred 
to as SEQ ID N0:1. 

5 FIGURE 2 depicts the full receptor recognition factor nucleic acid sequence and 
the deduced amino acid sequence derived for the ISGF-3a gene defining the 91 kD 
protein. The nucleotides are numbered from 1 to 2217, and the amino acids are 
numbered from 1 to 739. This sequence is identically depicted in the SEQUENCE 
LISTING presented later on herein, in accordance with 37 C.F.R. L821-825, 
10 enacted October 1, 1990, and is cumulatively and alternately referred to as SEQ 
ID N0:2. 

FIGURE 3 depicts the full receptor recognition factor nucleic acid sequence and 
the deduced amino acid sequence derived for the ISGF-3a gene defining the 84 kD 
IS protein. The nucleotides are numbered from 1 to 2103, and the amino acids are 
numbered from 1 to 701. This sequence is identically depicted in the SEQUENCE 
LISTING presented later on herein, in accordance with 37 C.F.R. 1.821-825, 
enacted October 1, 1990, and is cumulatively and alternately referred to as SEQ 
ID N0:3. 

20 

FIGURE 4 shows the purification of ISGF-3. The left-hand portion of the Figure 
shows the purification of ISGF-3 demonstrating the polypeptides present after the 
first oligonucleotide affinity column (lane 3) and two different preparations after 
the final chromatography step (Lanes 1 and 2). The left most lane contains 

25 protein size markers (High molecular weight, Sigma). ISGF-3 component proteins 
are indicated as 113 kD, 91 kD, 84 kD, and 48 kD [Kessler et al., GENES & 
DEV., 4 (1990); Levy et al., THE EMBO, 7., 9 (1990)]. The right-hand portion 
of the Figure shows purified ISGF-3 from 2-3 x 10" cells was electroblotted to 
nitrocellulose after preparations 1 and 2 (Lanes 1 and 2) had been pooled and 

30 separated on a 7.5% SDS polyacrylamide gel. ISGF-3 component proteins are 
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indicated. The two lanes on the right represent protein markers (High molecular 
weight, and prestained markers, Sigma). 

FIGURE 5 generally presents the results of Northern Blot analysis for the 91/84 
5 kD peptides. Figure 5a presents restriction maps for cDNA clones E4 (top map) 
and E3 (bottom map) showing DNA fragments that were radiolabeled as probes 
(probes A-D). Figure 5b comprises Northern blots of cytoplasmic HeLa RNA 
hybridized with the indicated probes. The 4.4 and 3.1 KB species as well as the 
28S and IBS rRNA bands are indicated. 

10 

FIGURE 6 depicts the conjoint protein sequence of the 91 kD and 84 kD proteins 
of ISGF-3. One letter amino acid code is shown for the open reading frame from 
clone E4, (encoding the 91 kD protein). The 84 kD protein, encoded by a 
different cDNA (E3), has the identical sequence but terminates after amino acid 
15 701, as indicated. Tryptic peptides tl9, tl3a, and tl3b from the 91 kD protein are 
indicated. The sole recovered tryptic peptide from the 84 kD protein, peptide t27, 
was wholly contained within peptide tl9 as indicated. 

FIGURE 7 presents the results of Western blot and antibody shift analyses, 
20 a) Highly purified ISGF-3, fractionated on a 7.0% SDS polyacrylamide 

gel, was probed with antibodies a42 (amino acids 597-703); a55 (amino acids 
2-59); and a57 (amino acids 705-739) in a Western blot analysis. The silver 
stained part of the gel (lanes a, b, and c) illustrates the location of the ISGF-3 
component proteins and the purity of the material used in Western blot: Lane a) 
25 Silver stain of protein sample used in all the Western blot experiments (immune 
and preimmune). Lane b) Material of equal purity to that shown in Fig. 4, for 
clearer identification of the ISGF-3 proteins. Lane c) Size protein markers 
indicated. 

b) Antibody interference of the ISGF-3 shift complex; Lane a) The 
30 complete ISGF-3 and the free ISGF-37 component shift with partially purified 
ISGF-3 are marked; Lane b) Competition with a 100 fold excess of cold ISRE 
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oligonucleotide. Lane c) Shift complex after the addition of 1 ml of preimmune 
serum to a 12,5 fx\ shift reaction. Lanes d and e) - Shift complex after the addition 
of I /il of a 1:10 dilution or 1 ml of undiluted a42 antiserum to a 12.5 ^1 shift 
reaction. 

5 

Methods : 

Antibodies a42, a55 and a57 were prepared by injecting approximately 500 mgm 
of a fusion protein prepared in E. coli using the GE3-3X vector [Smith et aJ., 
GENE, 67 (1988)]. Rabbits were bled after the second boost and serum prepared. 

10 

For Western blots highly purified ISGF-3 was separated on a 7% SDS 
polyacrylamide gel and electroblotted to nitrocellulose. The filter was incubated in 
blocking buffer ("blotto*'), cut into strips and probed with specific antiserum and 
preimmune antiserum diluted 1:500. The immune complexes were visualized with 
15 the aid of an ECL kit (Amersham). Shift analyses were performed as previously 
described [Levy et al., GENES & DEV., 2 (1988); Levy et al,, GENES & DEV., 
3 (1989)] in a 4.5% polyacrylamide gel. 

FIGURE 8 presents the full length amino acid sequence of 1 13 kD protein 
20 components of ISGF-3a and alignment of conserved amino acid sequences between 
the 113 kD and 91/84 kD proteins. 

A. Polypeptide sequences (A-E) derived from protein micro-sequencing of 
purified 113 kD protein (see accompanying paper) are underlined. Based on 
peptide E, we designed a degenerate oligonucleotide, 
25 AAT/CACIGAA/GCCIATGGAA/GATT/CATT, which was used to screen a 

cDNA library [Pine et la., MOL, CELL. BIOL., 10 (1990)] basically as described 
[Norman et al., CELL, 55 (1988)]. Briefly, the degenerate oligonucleotides were 
labeled by 32P-7-ATP by polynucleotide kinase, hybridizations were carried out 
overnight at 40^C in 6 x SSTE (0.9 M NaCl, 60 mM Tris-HCl [pH 7.9] 6mM 
30 EDTA), 0.1%SDS, 2mM Na^PjOv, 6 mM KH2PO4 in the presence of 100 mg/ml 
salmon sperm DNA sperm and 10 x Denhardt's solution [Maniatis et al., 
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MOLECULAR CLONING; A LABORATORY MANUAL (Cold Spring Harbor Lab., 
1982)]. The nitrocellulose filters then were washed 4 x 10 min. with the same 
hybridization conditions without labeled probe and salmon sperm DNA. 
Autoradiography was carried out at -80°C with intensifying screen for 48 hrs. A 
5 PGR product was obtained later by the same method described for the 91/84 kD 
sequences, by using oligonucleotides designed according polypeptide D and E; 
The sequence of this PGR product was identical to a region in clone fl 1. The full 
length of 113 kD protein contains 851 amino acids. Three major helices in the 
N-terminal region were predicted by the methods of both Chou and Fasman [Ghou 

10 et al., ANN. REV, BIOCHEM., 47 (1978)] and Gamier et al [Gamier et ai., /. 
MOL. BIOL., 12 (1978)] and are shown in shadowed boxes. At the G-terminal 
end, a highly negative charged domain was found. All negative charged residues 
are blackened and positive charged residues shadowed. The five polypeptides that 
derived from protein microscreening [Aebersold et al., PROC. NATL. ACAD. SCI. 

15 USA, 87 (1987)] are underlined. 

B) Comparison of amino acid sequences of 113 kD and 91/84 kD protein 
shows a 42% identical amino acid residues in the overlapping 715 amino acid 
sequence shown. In the middle helix region four leucine and one valine heptad 
repeats were identified in both 113 and 91/84 kD protein (the last leucine in 91/84 

20 kD is not exactly preserved as heptad repeats). When a heligram structure was 
drawn this helix is amphipathic (not shown). Another notable feature of this 
comparison is several tyrosine residues that are conserved in both proteins near 
their ends. 

25 FIGURE 9 shows the in vitro transcription and translation of 1 13 kD and 91 kD 
cDNA and a Northern blot analysis with 113 kD cDNA probe. 

a) The full length cDNA clones of 113 and 91 kD protein were 
transcribed in vitro and transcribed RNAs was translated in vitro with rabbit 
lenticulate lysatc (Promega; conditions as described in the Promega protocol). 

30 The mRNA of BMV (Promega) was simultaneously translated as a protein size 
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marker. The 113 cDNA yielded a translated product about 105 kD and the 91 
cDNA yielded a 86 kD product. 

b) When total cytoplasmic mRNAs isolated from superinduced HeLa cells 
were utilized, a single 4.8 KB mRNA band was observed with a cDNA probe 
5 coding for C-end of 113 kD protein in a Northern blot analysis [Nielsch et al,, 
neEMBO.J.^lQ (1991)]. 

FIGURE 10(A) presents the results of Western blot analysis confirming the 
identity of the 113 kD protein. An antiserum raised against a polypeptide segment 

10 [Harlow et al. , ANTIBODIES; A LABORATORY MANUAL (Cold Spring Harbor 
Lab,, 1988)1 from amino acid 500 to 650 of 113 kD protein recognized 
specifically a 113 kD protein in a protein Western blot analysis. The antiserum 
recognized a band both in a highly purified ISGF-3 fraction (> 10,000 fold) from 
DNA affinity chromatography and in the crude extracts prepared from y and a 

15 IFN treated HeLa cells [Fu et al., PROC. NATL. ACAD. SCI. USA, 87 (1990)]. 
The antiserum was raised against a fusion protein [a cDNA fragment coding for 
part of 1 13 kD protein was inserted into pGEX-2T, a high expression vector in the 
E. coli [Smith et al., PROC. NATL, ACAD. SCL USA, 83 (1986)] purified from 
E. coli [Smith et al., GENE, 67 (1988)]. The female NZW rabbits were 

20 immunized with 1 mg fusion protein in Freund's adjuvant. Two subsequent boosts 
two weeks apart were carried out with 500 mg fusion protein. The Western blot 
was carried out with conditions described previously [Pine et al., MOL, CELL, 
BIOL., 10 (1990)]. 

25 FIGURE 10(B) presents the results of a mobility shift assay showing that the 

anti-113 antiserum affects the ISGF-3 shift complex. Preimmune serum or the 113 
kD antiserum was added to shift reaction carried out as described [Fu et al. 
PROC NATL, ACAD, SCL USA, 87 (1990); Kessler et al. GENES & DEV., 4, 
(1990)] at room temperature for 20 min. then one-third of reaction material was 

30 loaded onto a 5% polyacrylamide gel. In addition unlabeled probe was included in 
one reaction to show specificity of the gel shift complexes. 
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FIGURE 1 1 shows the results of experiments investigating the IFN-a dependent 
phosphorylation of 113, 91 and 84 kD proteins. Protein samples from cells 
treated in various ways after 60 min. exposure to ^^P04'^ were precipitated with 
antiserum to 113 kD protein. Lane 1, no treatment of cells; Lane 2, cells treated 
5 7 min. with IFN-a. By comparison with the marker proteins labeled 200, 97.5, 
69 and 46 kD (kilo daltons), the PO/^ labeled proteins in the precipitate are seen 
to be 113 and 91 kD. Lane 3, cells treated with IFN-7 overnight (no 
phosphorylated proteins) and then (Lane 4) treated with IFN-a for 7 min. show 
heavier phosphorylation of 113, 91 and 84 kD, 

10 

FIGURE 12 is a chromatogram depicting the identification of phosphoamino acid. 
Phosphate labeled protein of 113, 91 or 84 kD size was hydrolyzed and 
chromatographed to reveal newly labeled phosphotyrosine. Cells untreated with 
IFN showed only phosphoserine label. (P Ser = phosphoserine; p Thr = 
15 phosphothreonine; P Tyr = phosphotyrosine. 

FIGURE 13 depicts the characterization of GAF by gel mobility shift assays. 

Panel A) GAF specifically binds to GAS oligonucleotide in response to IFN-7. 

Mobility shift assays of ^^P labeled GAS were performed with nuclear extracts 
20 from untreated FS2 fibroblasts (lane 1); treated with IFN-a for 15 min. (lane 2). 

Extracts from cells treated with IFN-7 for 15 min. were used for other gel 

mobility shift assays (lane 3-5). A fifty-fold excess of unlabeled GAS 

oligonucleotide (lane 4) of unlabeled oligonucleotide representing the ISRE (oligo 

015, ref. 5; lane 5) were used for competition. 
25 Panel B) Induction of GAF is independent of protein syntiiesis. Shift assays witii 

labeled GAS and nuclear extracts from untreated cells (lane 1) cells treated with 

IFN-T for 15 min. (lane 2), cells treated with IFN-7 for 15 min. in die presence 

of cycloheximide (Icme 3). 

Panel C) Time course of GAF activation. Nuclear extracts from cells treated 
30 with IFN-7 for the indicated times were used in gel mobility shift assays with ^^P 
labeled GAS, 



wo 93/19179 



PCT/US93/02569 



21 

Methods: The following double-stranded GAS oligonucleotide from the GBP 
promoter (15) was used in gel mobility shift assays: 

5' CATGAGTTTCATATTACTCTAAATC 3' 
3' TCAAAGTATAATGAGATTTAGGTAC 3' 

5 The oligonucleotide was labelled with ^^P dCTP, dATP, dGTP, dTTP using 

the Klenow DNA polymerase. One ng of labeled oligonucleotide was mixed with 
2 mg poly (didC) in 11.5 ml of gel mobility shift buffer containing 20 mM 
HEPES (pH 7.9), 4% FicoU, 1 mM MgClz, 40mM KCl, 0.1 mM EGTA, 0.5 mM 
DTT. One ml of nuclear extract was added per sample and the binding reaction 
10 was carried out at room temperature for 20 min. Five ml of the reaction mixture 
was analyzed on 4% polyacrylamide gels. Nuclear extracts were prepared from 
FS2 human diploid fibroblasts (14), Human recombinant IFN-7 (gift of Dr. D. 
Vapnek of Amgen) was added to a final concentration of 5 ng/ml, IFN-a, (gift of 
P. Sorter, Hoffman La Roche) was used at 500 antiviral units per ml. 
15 Cycloheximide (50 mg/ml) was added before addition of IFN. 

FIGURE 14 presents the identification of the 91 kD protein in the GAF shift 
complex. 

Panel A) UV cross-link analysis of GAF. UV cross-linking analysis using 
20 NgdUTP substituted oligonucleotide was described (25). Briefly oligonucleotide 
5' AGTTTCATATTACTCTAAA 3' 
3' TCAAAGTATAATGAGATFTAGGTAC 5' 
was labeled with 5-N3dUTP and ^^P dATP, dGTP, dCTP using the Klenow DNA 
polymerase. The NjdUTP substituted oligonucleotide was mixed with nuclear 
25 extracts from IFN-7 treated cells (as in Fig. 13) for a mobility shift assay. 

Autoradiography was carried out while the gel was wet. The gel was then UV 
radiated for 5 min. in a Stratagene UV linker and the gel slice corresponding to 
the GAF complex was cut out and analysed on 7% SDS PAGE. Lane 1, ''*C- 
protein marker (Amersham); lane 2, GAF-DNA complex; lane 3, 100-fold excess 
30 of cold GAS oligonucleotide was included in shift reaction mixture; lane 4, no 
proteins were included in shift reaction mixture. 
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Panel B) GAP shift complex is specifically affected by antisera against the 91 kD 
protein. Mobility shift gel assays with nuclear extracts from cells treated with 
IFN-7 for 15 min. were carried out as described in Fig. 13 with various additions: 
Lane 1, no addition; lane 2, a fifty fold excess of unlabeled GAS oligonucleotide; 
5 lanes 3 and 5, preimmune sera; lane 4, antiserum against C-terminal 36 amino 
acid of 91 kD protein (91c); lane 6, antiserum against 91 kD protein (91m, amino 
acids 591-703). All sera were added at 1/120 fmal dilution. 
Panel Q The 91 kD protein is present in the GAP gel shift complex. The 
protein in the GAP shift complex was analyzed by two-dimensional gel mobility 

10 shift-SDS electrophoresis followed by immuno-blotting. Partially purified GAP 
(see below) was used in a gel mobility shift assay (left panel, lane 1-3) using ^^P- 
labeled GAS oligonucleotide. In lane 2, no probe was added (A); lane 3, 
competition with 50-fold excess of cold GAS oligonucleotide to identify specificity 
of the GAP shift band. After electrophoresis and autoradiography, lanes 1 and 2 

15 were cut out, rotated as indicated and directly subjected to 1% SDS-PAGE 

analysis (right upper panel and right lower panel, respectively). The gel was then 
electroblotted to nitrocellulose and detected with the antiserum against the 91 kD 
protein, using ECL kit (Amersham) to detect that protein. The position in the 
second gel that corresponded to the GAF shift complex in the first gel is indicated 

20 by an arrow. 

Panel D) Analysis of ^^S labeled GAF. Fibroblasts (strain FS2) were labeled for 
14 hours with ^^S methionine and treated with IFN-7 for 15 min. Nuclear extracts 
were prepared and ^^S-labeled proteins that would contain GAF were collected on 
biotinylated GAS oligonucleutide bound to beads. After elution, the affmity 

25 purified sample was used to analyze "S proteins by the two-dimensional gel 
mobility shift-SDS PAGE analysis described in Fig. 14C. The left panel shows 
gel mobility shift using ^^S labeled affinity purified sample (lane 1-3). Preimmune 
(lane 2) or immuserum (lane 3) against the 91 kD protein was added. Lanes 2 and 
3 were cut put and further analyzed by SDS PAGE followed by autoradiography to 

30 expose ^^S labeled proteins. The position of the 91 kD protein is indicated by a 
dashed arrow. 
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Methods: Purification of GAF using biotinylated GAS oligonucleotde was carried 
out essentially as described (18). 5 '-biotinylated double-stranded GAS 
oligonucleotide (American Synthesis) was mixed with crude extracts in gel 
mobility shift buffer (Fig. 13) and incubated at room temperature for 20 min. The 
5 reaction mixture was then incubated with streptoavidin-agarose beads (Sigma) and 
rotated at 40° C for 2 hrs. The beads were collected and washed four times with 
gel mobility shift buffer. The proteins bound to the beads were eluted first with 
E(0.2) buffer containing 50 mM Tris (pH 7.6), 1 mM DTT, 10% glycerol, 0.2 M 
NaCl, 0.5 mM EDTA and then eluted with E(0.8) buffer which is same as E (0-2) 
10 except it contained 0.8 NaCl. The fraction eluted from E(0.8) contains GAF 
activity and was used for further analysis. 

Human fibroblasts were grown in Dulbecco's modified Eagle's 
medium (Gibco) containing 10% bovine serum. Cells were labelled with 0.1 
15 mCi/ml ^^S-labeled methionine in medium lacking L-methionine and cysteine. 

Labeling medium was removed by washing twice with ice-cold phosphate-buffered 
saline (PBS). Nuclear extracts were prepared as in Fig. 13. 

FIGURE 15 shows that IFN-7 causes nuclear localization of the 91 kD protein but 
20 not the 113 kD protein in human fibroblast FS2 cells. Untreated (A and C) and 
IFN"7 treated cells (B and D) were stained with either an anti-91 kD protein 
antibody (91c, A and B) or an anti-113 kD protein antibody (C and D). Cells 
were cultured as described (Fig, 14) in 8 well tissue culture chamber slides. 
Twenty min. before fixation cells were treated with IFN-7 (5 ng/ml), rinsed 2x in 
25 PBS and fixed in a solution of methanol acetone for 2 min. After 2 washes in 
TBST (10 mM Tris-Cl pH 8.0, 100 mM NaCl, 0.02% Tween 20) cells were 
blocked for 40 min. in TBST+3% BSA. Primary antibody was added (anti 113 
or anti 91; 1/100 final dilution) in blocking buffer for 2.5 hrs. After 3 washes in 
TBST, secondary antibody (donkey anti-rabbit fluorescein conjugated antibody) 
30 was added (1/200 dilution final cone.) for 70 min. at room temperature. After 3 
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washes in TBST. ceUs were rinsed in 0.1 x PBS, 90% glycerol, 0.1% 
P-phenylenediamine pH 8.0 and dried. 

FIGURE 16 shows the activation of GAF by phosphorylation. 
5 Panel A) Time course of IFN-7 induction analyzed by immunoblotting. Nuclear 
extracts from cells treated with IFN-r at indicated times were prepared. Five mg 
of protein from each sample was analyzed for 91 kD protein by Western blot (7% 
SDS-PAGE, electroblotted to nitroceUulose. detection of 91 kD protein with 
^ific antiserum to 91 kD protein by ECL. Amersham). Tl.e slower and faster 

10 migtatng forms are indicated. 

Panel B) Inhibitor and enzymatic evidence for phosphorylation of 91 kD protem. 
Lanes 1-3: Immunoblot on crude ceU extracts as in panel A of ceUs treated as 
indicated; staurosporine treatment was at 0.5 mM and IFN-. induction was 15 
„.in Lanes 4-6: Immunoblot on partially purified GAF (as in Fig. 14. lane 6) or 

15 GAF that was treated Gane 5) witi. calf intestinal phosphatase (CIP; 1.8 units/ml; 
30', 30"); Lane 4 was an incubation control lacking CIP. 

Panel C) „ ^ 

Effect of «porine ami pho^hame ««me»t on GAF DNA bmtag 
analyzed by gel mobility « assays. As i„ panol B s^ples were analy»=d by gel 
20 mobffity shift assays as described in HGURE 13. 

nOUBE 17 shows the IFN-y dependent tyrosu-e phosphorylatioo of the 91 kD 

protein. . ^ i, 

Pane. A) Immnnoprecipitadon of »S and »P labeled 91 VD pro.™. C^s wer^ 
25 labeled witf.»S methionine for 4 hours as described in Fi|. 14 or w.«h P for 1.5 

hr ro.5 mci/ml »P ordtophosphate (An^rsham) in medium otherwise lacbng 
pho.pha.el. Ubeling medium was removed and cells washed twice wiftPB^ »d 
extrlted in lysis buffer (50 mM Tds, pH 8.0, 280 tnM NaCl, 0.05% 0.2 
„M EDTA, 2 mM EGTA. 10% glycerol, 1 mM DTT, 0.5 mM PMS ^ 5 
30 mg/ml leupepan. 3 mg/ml apro^inin, 1 mg/ml pepsuUn, 0.1 mM N.VOJ. The 
wTLed wi* preimmune serum and pro^h, A-0 agarose (Oncogene 
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Science). The 91 kD protein was then infimunoprecipitated with 91 kD antiserum. 
^^S labeled (lane 1-3) and ^^P labeled (lanes 4-7) immunoprecipitates were then 
analyzed by 7% SDS-PAGE followed by autoradiography. Lane 1, untreated; lane 
2, IFN-7 treated for 15 min.; lane 3, staurosporine pretreated for 10 min. 
5 followed by 15 min. IFN-7 treatment; lane 4, IFN-7 treated for 7 min.; lane 5, 
untreated; lane 6, IFN-7 treated for 15 min; lane 7, staurosporine pre-treated for 
10 min. followed by 15 min. IFN-7 treatment. The slower migration and fast 
migration forms are indicated. 

Panel B) Phosphoamino acid analysis of the 91 kD protein. The ^^P labeled 91 
10 kD protein was cut out from SDS-PAGE gel (see Fig. 17A, lane 4 and 5). The 
^^P-labeled protein as digested with 6N HCl for L5 hours at 110°C. 
Phosphoamino acids were analyzed as described (26). The migration of 
phosphoserine (p-ser), phosphotlireonine (p-thr) and phosphotyrosine (p-tyr) is 
indicated. 

15 

FIGURE 18 presents the phosphopeptide mapping of thermolysin digests of the 91 
kD protein. Peptide mapping was performed as described (26). Briefly, the ^^P 
labeled 91 kD protein was immunoprecipitated, separated by SDS-PAGE gel, 
eluted and digested with thermolysin (1(X) mg/ml). 

20 

DETAILED DESCRIPTION 

In accordance with the present invention there may be employed conventional 
molecular biology, microbiology, and recombinant DNA techniques within the 

25 skill of the art. Such techniques are explained fully in the literature. See, e.g., 
Maniatis, Fritsch & Sambrook, "Molecular Cloning: A Laboratory Manual" 
(1982); "DNA Cloning: A Practical Approach," Volumes I and II p.N. Glover 
ed. 1985); "Oligonucleotide Synthesis" (M.J. Gait ed. 1984); "Nucleic Acid 
Hybridization" [B.D, Hames & S J. Higgins eds. (1985)]; "Transcription And 

30 Translation" [B.D. Hames & S.J. Higgins, eds. (1984)]; "Animal Cell Culture" 
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[R.L Freshney, ed. (1986)]; "Immobilized Cells And Enzymes" [IRL Press, 
(1986)1; B. Perbal, "A Practical Guide To Molecular Cloning" (1984). 

Therefore, if appearing herein, the following terms shall have the definitions set 
5 out below. 

The terms "receptor recognition factor", "receptor recognition-tyrosine kinase 
factor", "receptor recognition factor/tyrosine kinase substrate", "receptor 
recognition/transcription factor", "recognition factor" and "recognition factor 

10 protein(s)" and any variants not specifically listed, may be used herein 

interchangeably, and as used throughout the present application and claims refer to 
proteinaceous material including single or multiple proteins, and extends to those 
proteins having the DNA and amino acid sequence data described herein and 
presented in FIGURE 1 (SEQ ID N0:1), FIGURE 2 (SEQ ID N0:2) and in 

15 FIGURE 3 (SEQ ID N0:3), and the profile of activities set forth herein and in the 
Claims, Accordingly, proteins displaying substantially equivalent or altered 
activity are likewise contemplated. These modifications may be deliberate, for 
example, such as modifications obtained through site-directed mutagenesis, or may 
be accidental, such as those obtained through mutations in hosts that are producers 

20 of the complex or its named subunits. Also, the terms "receptor recognition 
factor", "recognition factor" and "recognition factor protein(s)" are intended to 
include within their scope proteins specifically recited herein as well as all 
substantially homologous analogs and allelic variations. 

25 The amino acid residues described herein are preferred to be in the "L" isomeric 
form. However, residues in the "D" isomeric form can be substituted for any L- 
amino acid residue, as long as the desired fuctional property of immunoglobulin- 
binding is retained by the polypeptide. NH2 refers to the free amino group 
present at the amino terminus of a polypeptide. COOH refers to the free carboxy 

30 group present at the carboxy terminus of a polypeptide. In keeping with standard 
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polypeptide nomenclature, J. Biol. Chem., 243:3552-59 (1969), abbreviations for 
amino acid residues are shown in the following Table of Correspondence: 



TABLE OF CORRESPONDENCE 



SYMBOL 




AMINO ACID 


I -Letter 


3-Letter 




Y 


Tvr 


tyrosine 


G 


Gly 


glycine 


F 


Phe 


phenylalanine 


M 


Met 


methionine 


A 


Ala 


alanine 


s 


Ser 


serine 


I 


He 


isoleucine 


L 


Leu 


leucine 


T 


Thr 


threonine 


V 


Val 


valine 


p 


Pro 


nroline 


K 


Lys 


lysine 


H 


His 


histidine 


Q 


Gin 


glutamine 


E 


Glu 


glutamic acid 


w 


Trp 


tryptophan 


R 


Arg 


arginine 


D 


Asp 


aspartic acid 


N 


Asn 


asparagine 


C 


Cys 


cysteine 



It should be noted that ail amino-acid residue sequences are represented herein by 
formulae whose left and right orientation is in the conventional direction of amino- 
30 terminus to carboxy-terminus. Furthermore, it should be noted that a dash at the 
beginning or end of an amino acid residue sequence indicates a peptide bond to a 
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further sequence of one or more amino-acid residues. The above Table is 
presented to correlate the three-letter and one-letter notations which may appear 
alternately herein. 

5 A "repUcon" is any genetic element (e.g., plasmid, chromosome, virus) that 
functions as an autonomous unit of DNA repUcation in vivo; i.e. , capable of 
r^lication under its own control. 



10 



A "vector" is a replicon, such as plasmid, phage or cosmid, to which another 
DNA segment may be attached so as to bring about the replication of the attached 



segment. 



A "DNA molecule" refers to the polymeric form of deoxyribonucleotides (adenine, 
guanine, thymine, or cytosine) in its either single stranded form, or a double- 

15 stranded helix. This term refers only to the primary and secondary structure of 
the molecule, and does not limit it to any particular tertiary forms. Thus, this 
term includes double-stranded DNA found, inter alia, in linear DNA molecules 
(e.g., restriction fragments), viruses, plasmids, and chromosomes. In discussing 
the structure of particular double-stranded DNA molecules, sequences may be 

20 described herein according to the nonnal conve'ntion of giving only the sequence in 
the 5' to 3' direction along the nontranscribed strand of DNA (i.e. , the strand 
having a sequence homologous to the mRNA). 

An "origin of replication" refers to those DNA sequences that participate in DNA 
25 synthesis. 

A DNA "coding sequence" is a double-stranded DNA sequence which is 
transcribed and translated into a polypeptide in vivo when placed under the control 
of appropriate regulatory sequences. The boundaries of the coding sequence are 
30 determined by a start codon at the 5' (amino) terminus and a translation stop 
codon at the 3' (carboxyl) terminus. A coding sequence can include, but is not 
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limited to. prokaryotic sequences, cDNA from eukaryotic mRNA, genomic DNA 
sequences from eukaryotic (e.g., mammalian) DNA, and even synthetic DNA 
sequences. A polyadenylation signal and transcription termination sequence will 
usually be located 3' to the coding sequence. 

Transcriptional and translational control sequences are DNA regulatory sequences, 
such as promoters, enhancers, polyadenylation signals, terminators, and the like, 
that provide for the expression of a coding sequence in a host cell. 

10 A "promoter sequence" is a DNA regulatory region capable of binding RNA 
polymerase in a cell and initiating transcription of a downstream (3' direction) 
coding sequence. For purposes of defining the present invention, the promoter 
sequence is bounded at its 3' terminus by the transcription initiation site and 
extends upstream (5' direction) to include tiie minimum number of bases or 

15 elements necessary to initiate transcription at levels detectable above background. 
Within the promoter sequence will be found a transcription initiation site 
(convenienfly defined by mapping witi. nuclease SI), as well as protein binding 
domains (consensus sequences) responsible for the binding of RNA polymerase. 
Eukaryotic promoters will often, but not always, contain "TATA" boxes and 

20 "CAT" boxes. Prokaryotic promoters contain Shine-Dalgamo sequences m 
addition to the -10 and -35 consensus sequences. 

An "expression control sequence" is a DNA sequence tiiat controls and regulates 
the transcription and translation of another DNA sequence. A coding sequence is 
25 "under ti,e control" of transcriptional and translational control sequences m a cell 
when RNA polymerase transcribes the coding sequence into mRNA, which .s then 
translated into the protein encoded by the coding sequence. 

A "signal sequence" can be included before the coding sequence. This sequence 
30 encodes a signal peptide. N-terminal to the polypeptide, that communicates to the 
host cell to direct the polypeptide to ti,e cell surface or secrete the polypeptide mto 
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.,e ™e.ia, a.. U.S ..n. pepU.c is dipped o«, .he .os. ce. ^fo. U,e p.«in 
leaves tecell. Signal se,^nces ca» be found as.ccia.ed w.U, a vaneiy of 
proteins native to prolcaryotes and eukaryoles. 

5 The.e™■oa,on»e,eoUde^asus^he,ei.inte..tii.g.o..,ep.^of..»^^^ 
inven,ion,isdefi«dasa™oLecuieco»pasedcf.w„orn,orenbo— 
;efe«« .ote..«.«^. lu e«et s^ »m depend u^n ^an, facto. 
I tun,, depend upon the ultimate function and use of the oUgonuc.eot.de. 

10 The tenn -pri^f as used he«i. refers .o an oiigonueieotide, whether occurring 
Lai,, as in a purifled res.riction digest or prod„c«i s,n«.eUca.,y. which .s 
iSLaeJasapointofMtiationofsyndiesUwhenpUcedu^.^^^^ 

inChich synU-esis of a prin«r extension product, which . "^^'" ^ 
„«,eic acid strand, is induced, i-e.. in U-e presence of nuCeoUdes and an^n^ucg 
,5 agent such as a DNA polymerase and at a suiuble ten.pen.«.re and pH. The 
pLer n«y be either stagte-stranded or double-stranded and niust be suMc^nU, 
Z . PH- the synthesis of the deseed extension product in *e presence oHhe 

LLg agent. exact lengU, of .he pHnter wiU depend upon n,any ftc„rs 
"i„diiLperature,sourceof,»in.eranduseo,.e.e.h<.. For e^pl Jor 
20 diagnos^c appUcaUons, depending on U.e c„«pW.y of *e targ« »=,^nce. b^ 

„::iucleol prin-er .picali, conuins 15-« or .ore nuCeohdes, ald,o„sh .. 

may contain fewer nucleotides. 

T,e primers herein are selected to be "substantially" ca.plen.entary to differ^t 

-1 ..r..t DNA sequence, -nus means that the primers must be 
25 strands of a parucular target DNA sequence T^upr^fore 
.ffieienaycon.p« to hybHdi^ with their respecuve strand . » 
:^pJse,uenceneedn„tref.ecttheexac.se,uen«of.ete.p^. or 

exalple a non-conple^^tar, nucleoUde fragment ma, be a«ached » d,e end 
nrp:in,er, wi* .e — r of the primer ^uen. t.ing compiementa^ to 
30 ITl. Al.emabvely,n„n.comp™^-""-^-=^---";^ 
tlLpersed into the pHmer. provide « .he primer sequence has suffcen. 
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^^^W w«b *e sequence of sttand to hybridize *erewUh a.d 
thereby form the template for the synthesis of the extension product. 

M used herein, the terms 'restriction end^ucleases- and -.^trioUon enzymes" 
5 refer to bacteria, enzyme., each of which cut doubie-stranded BNA a. or near a 
specific nucleotide sequence. 

^ ecu has bee. -transformed- by exogenous or heteroiogous DNA when such 
ONA has been introduo. inside the ce„. The transformin, DKA may or may n. 
.0 I integrated <e„va,enUy >in.ed, into chromosoma. DNA maidng up the ge«,me of 
the cell in prolta„otes,,east, and mammaUanceUs for example, the 
Lsforming DNA may be maintained on an episomal element such as a P^mtd. 
With respea to eutaryoUc cells, a stably transformed cel. is one tn whtch «e 
Zf rll DNA has become integrated into a chrom„»me so that ,t ts mher^ 

h .be abUlty of the eulcaryotic eel, to establish cel, lines or clo„. compr«^ of a 
^pulation of daughter cells«>n..nih.*e—i"S™A, A don .a 
populaaon of ceUs derived from a single cell or common ancestor by mtU^ts, A 
Z line" is a done of a primary «.l that is ca,«ble of stable growth ,n ..o fbr 
20 many ga\erations. 

TWO DNA seou^ces are -substantially homologous- when "'Jj; 
^.er^l, at .cast about 80%, and most pref^bly at least about 90 or 95«^ 
I nuceotit^s match over the denn«, length of the DNA »^u»ce S^- 
,5 that are substantialiy homdogous can be identified by companng the 

using standard softwa. available tn ^uence dau banlts, or tn a Sou^em 
hlridization experiment under, for example, stringent condittons as defined fo 

.l'^- — bybridizauon conditions . w..n dte 

30 s»prr, Nucleic Acid Hybridization, supm. 
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A "heterologous" region of the DNA construct is an identifiable segment of DNA 
within a larger DNA molecule that is not found in association with the larger 
molecule in nature. Thus, when the heterologous region encodes a mammalian 
gene, the gene wiU usually be flanked by DNA that does not flank the mammahan 

5 genomic DNA in the genome of the source organism. Another example of a 

heterologous coding sequence is a construct where the coding sequence itself ,s not 
found in nature (e.g., a cDNA where the genomic coding sequence contams 
introns, or synthetic sequences having codons different than the native gene). 
Allelic variations or naturally-occurring mutational events do not give nse to a 

10 heterologous region of DNA as defined herein. 

An "antibody- is any immunoglobulin, including antibodies and fragments thereof, 
that binds a specific epitope. The term encompasses polyclonal, monoclonal, and 
chimeric antibodies, the last mentioned described in further detail in U.S. Patent 
15 Nos. 4,816,397 and 4.816.567. 

An "antibody combining site" is tiiat structural portion of an antibody molecule 
compri^ of heavy and light chain variable and hypervariable regions that 
specifically binds antigen. 



20 



The phrase "antibody molecule" in its various grammatical forms as used herein 
contemplates botii an intact immunoglobulin molecule and an immunologically 
active portion of an immunoglobulin molecule. 

25 Exemplary antibody molecules are intact immunoglobulin molecules, substantially 
intact immunoglobuUn molecules and tiiose portions of an immunoglobulm 
molecule tiiat contains the paratope, including tiiose portions known in die art as 
Fab, Fab', F(ab'), and F(v), which portions are preferred for use in die 
therapeutic metiiods described herein. 

30 
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Fab and m'h portions of antibody molecules are prepared by the proteolytic 
reaction of papain and pepsin, respectively, on substantially intact antibody 
molecules by methods that are well-known. See for example, U.S. Patent No. 
4,342,566 to TheofUopolous et al. Fab' antibody molecule portions are also well- 
5 klown and are produced from F(ab'), portions followed by reduction of the 
disulfide bonds linking the two heavy chain portions as witii mercaptoethanol, and 
followed by alkylation of the resulting protein mercaptan witii a reagent such as 
iodoacetamide. An antibody containing intact antibody molecules is preferred 
herein. 



10 



The phrase "monoclonal antibody" in its various grammatical forms refers to an 
antibody having only one species of antibody combining site capable of 
immunoieacting with a particular antigen. A monoclonal antibody thus typically 
displays a single binding affinity for any antigen with which it immunoreacts. A 
15 monoclonal antibody may therefore contain an antibody molecule having a 

plurality of antibody combining sites, each immunospecific for a different antigen; 
e.g. , a bispecific (chimeric) monoclonal antibody. 

The phrase "pharmaceutically acceptable" refers to molecular entities and 
20 compositions that are physiologically tolerable and do not typically produce an 
allergic or similar untoward reaction, such as gastric upset, dizziness and the like, 
when administwed to a human. 

The phrase "therapeutically effective amount" is used herein to mean an amount 
25 sufficient to prevent, and preferably reduce by at least about 30 percent, more 
preferably by at least 50 percent, most preferably by at least 90 percent, a 
clinically significant change in the S phase activity of a target cellular mass, or 
other feature of pathology such as for example, elevated blood pressure, fever or 
white ceU count as may attend its presence and activity. 

30 



wo 93/19179 PCr/US93/02569 

34 

A DNA sequence is "operatively linked" to an expression control sequence when 
the expression control sequence controls and regulates the transcription and 
translation of that DNA sequence. The term "operatively linked" includes having 
an appropriate start signal (e.g., ATG) in front of the DNA sequence to be 
5 expressed and maintaining the correct reading frame to permit expression of the 
DNA sequence under the control of the expression control sequence and 
production of tiie desired product encoded by the DNA sequence. If a gene that 
one desires to insert into a recombinant DNA molecule does not contain an 
appropriate start signal, such a start signal can be inserted in front of the gene. 

10 

The term "standard hybridization conditions" refers to salt and temperature 
conditions substantially equivalent to 5 x SSC and 65°C for both hybridization and 
wash. 

15 In its primary aspect, the present invention concerns the identification of a 

receptor recognition factor, and the isolation and sequencing of particular receptor 
recognition fector proteins, that is beUeved to be present in cytoplasm and tiiat 
serves as a signal transducer between a particular ceUular receptor having bound 
thereto an equally specific polypeptide ligand, and the comparably specific 

20 transcription fector that enters the nucleus of tiie ceU and interacts wiUi a specific 
DNA binding site for tiie activation of tiie gene to promote tiie predetermined 
response to tiie particular polypeptide stimulus. The present disclosure confirms 
fliat specific and individual receptor recognition factors exist that correspond to 
known stimuU such as tumor necrosis factor, nerve growtii factor, platelet-derived 

25 growtii factor and the like. Specific evidence of this is set forth herein witii 
respect to tiie interferons a and 7 (IFNa and IFN7). 

The present receptor recognition factor is Ukewise noteworthy in that it appears 
not to be demonstrably affected by fluctuations in second messenger activity and 
30 concentration. The receptor recognition factor proteins appear to act as a substrate 
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and therefore do not appear to be second messengers. 

• , «.ntor recognition factor identified herein by SEQ ID N0:2, has 
5 been determines tn IFN-^ stimulation that enters the 

— °^ r ™. par.^. «or also scB as a t^slaBon protein and, 

It is a tyrosine kinase substrate; and 
e) When phosphorylated, it serves as a DNA binding protem. 

. F opn m NO-2 directly interacts with DNA after 

acquiring plK»pl.a« »„ ^,«».no loca^O "1 " *o P ^^^^ 
seouence Ateo, tataferon-7^^«« »«""'°" 
Zr.i„ syn^esi. an. ap^ „.nu.cs of i„.*ron-. — ■ 
,0 ::eLn»>Le,«n..e.weenl5an.30n.nn«s.«eaft«,and«,e„ 

disappears after 2-3 hours. 

,5 fa«or, or a frag»».. *»of, *a. possesses ™..«u>^ « S 

kD and U,e DNA sequence se, forth .n F.GURC (SEQ 
30 (SEQ ID N0:3). 
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The possibiUdes boft diagnostic te^peuttc ta. are b, the existence of 

receptor recognitton factor or factors, derive from the tact that the factors 
appear to prfcipate in direct and causal protein-protein interaction between the 
receptor that is occupied by iu Ugand, and tho^ factors that thereafter directty 
5 interface with the gene and effect transcription and accordingly gene activatron. 
AS suggested earlier and elaborated further on herein, the present invenuon 
contemplates pharmaceutical intervention ih the cascade of reactions in which 
receptor recognitioa ftctor is ImpUcated. to modulate the activity initiated by the 
sUmulus bound to the cellular receptor. 

n-us ta instances where it is desired to reduce or inhibit the gene activity 
resultfng from a particular stimulus or factor, an appropriate inhibitor of the 
receptor recognition factor could be introdu^ to blocit the intenrfon of dte 
receptor recognition fector with those factors c=.»sally connected with gene 
,5 activaUon. Correspondingly, instances where insufficient gene activation is takmg 
pUce could be remedied by the introduction of addittonal quantities of the receptor 
recognition factor or its chemical or pharmaceutical cognates, analogs, fragments 
and the like. 

20 AS di«^ssed eariier, the recognitton factors or thir binding partners or other 
Hgands or agents exhibiting eiUter mimicry or antagonism to ti« recogmtion 
factors or conttol over their production, may be prepared in pharmaceutrcd 
compositions, witi, a suitable carrier a«l at a strength effective for administration 
hy various means to a patient experiet^g an adverse medical condition assoctated 

25 specific tianscriptional stimulation for the treatment thereof. A variety of 

^ministiative technitpes may be utilized, among dtem parental techm,ues such 
as subcutaneous, intravenous and intraperitoneal injections, cadteteri^ons and t^e 
Uke Average quantities of *e recognition factors or their subunits may vary and 
in particular should be based upon tite recommendations and prescnpuon of a 
30 qualified physician or veterinarian. 
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Also antibodies including bo* polyclonal and monoclonal andbodies, and drugs 
tat moduiale the producUon or activity of me recognition factors and/or thetr 
subnnits may possess certain diagnosdc applications and may for example, be 
utili^ for U,e ptnpose of detecUng and/or measuring cc«didons such as vtral 

5 infecaon or 0,e like. For e«mple, U>e recognido. factor or iu subuntts .nay be 
used to produce both polyctaal and m«,oclonal antibodies to themselves ma 
vahety of cclluUr media, by known t^hniques such as the hybridoma tedmtque 
utilizing, for example, fused m«m spleen lymphocytes and myeloma cdls. 
Ukewise, small molecules that mimic or antagonize the activityOes) of dte 

,0 .eceptor recognition factors of the invention ma, be discoveted or synthes.^., 
and may be used in diagnostic and/or d«rapeutic protocols. 

The genera) methodology for making an-i^ies by hybridomas is »eU 

Jn. immortal, anUbody-producing eel, lines can also be created by techmques 
,5 other tban fusion, such as direct transformaio. of B lymphocytes with oncogentc 
DNA or transfectton «ith ^in-Barf virus. See, e.g., I^. Schreter et al., 
■Hybridoma Techniques" (1980); Hammerling et al., -Monoclonal An,ibo^«s And 
T-cell Hybridomas" (1981); Ken.«tt e. a.., -Monclonal Andbodies" (19«.); - 

„ A lAt IM- 1 ■m 121- 4.427,783; 4,444,887; 4,451,570; 
alsoU.S. Patent Nos. 4,341,761, 4,JW,iii,-', . 

20 4,466,917; 4,472,500; 4,491,632; 4,493,890. 

panels of motuxlonal antibodies pr„du«d against recognition factor peptides can 
be screened for various properties; i.e., isotype, epitope, affmtty, etc. Of 
particular interest are monoclonal antibodies that neutrally ^ activty of ti» 
25 Ignition factor or its subuniU. Such moncclonals can be readily idcnttf^" 
Jgnition facu-r activity assays. High amnity antibod.es are also useful when 
immunoafflnity purification of native or recombinant recognition factor ts posstble. 

Preferably, the anti-.ec„gMtio„ f^r antibody used in ^^y^ ^^'^' 
30 this invention is an affmity purified polyclonal antibody, ^ote Prefe^b^';; 
antibody is a monoclonal antibody (mM). In addition, it .s preferable for the 
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F>b-. FCBb-), or F(v) portion, of whole antibody molecule. 

AS sogges^d earU^, ti-e diagnostic ^ of ti,e pres.. invention compnses 

» ceUnlar sample or medi» by n,eans of an assay mcludrng an 
5 emumng a cellular samp a„„ fect„,,p„ttin, such as 

*^''-™-°'°7'":::riZ^analuy-p.rifie<lpolyclonal 
en anti-recogMtion ^^^^f^f ^^j,,^, , , ,^^ie for ti.e anti- 

-i:ranCi--^-:T:::r— 
--'iT::rrr:r:ersu.r:g.m 

pata« ..pableof beneta uke pathological 

well-known in the art. 

*e art. See U.S. P«en. N „„,«^es, can 

ana Un. eds Co. Sp^g ^or ..rau.^ - 

Ynrlcfl988) which is incorporated herein by reference. Bnefly, 

„ myelonu or o*er self-perpe-uaUng eel, hne . .n^ ^^^^^^^ 

portion thereof, or recognition factor, or an ongi 
thereof. 

• nv fused with myeloma ceUs using polyethylene glycol 
(PEG) 6000. Fused hybnds are seiecicu j 
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producing a monoclonal antibody useful in practicing this invention are identified 
by their abUity to immunoreact with the present recognition factor and their ability 
to inhibit specified transcriptional activity in target cells. 

5 A monoclonal antibody useful in pracUeing the present invention can be produced 
by initiating a monoclonal hybridoma culture comprising a nutrient medium 
containing a hybridoma that secretes antibody molecules of the appropriate antigen 
specificity. The culture is maintained under conditions and for a time period 
sufficient for the hybridoma to secrete the antibody molecules into the medium. 

10 The antibody-containing medium is tiien collected. The antibody molecules can 
then be further isolated by well-known techniques. 

Media useful for the preparation of these compositions are both weU-known in the 
art and commercially available and include synthetic culture media, inbred mice 
15 and the like. An exemplary synthetic medium is Dulbecco's minimal essential 
medium (DMEM; Dulbecco et al., Virol. 8:396 (1959)) supplemented with 4.5 
gm/1 glucose, 20 mm glutamine, and 20% fetal calf serum. An exemplary inbred 
mouse strain is the Balb/c. 

20 Methods for producing monoclonal anti-recognition factor antibodies are also well- 
known in tiie art. See Niman et al., Proc. Natl Acad. ScL USA, 80:4949-4953 
(1983). Typically, tiie present recognition factor or a peptide analog is used either 
alone or conjugated to an immunogenic carrier, as tiie immunogen in the before 
described procedure for producing anti-recognition factor monoclonal antibodies. 

25 The hybridomas are screened for the ability to produce an antibody tiiat 
immunoreacts with the recognition factor peptide analog and the present 
recognition factor. 

The present invention further contemplates therapeutic compositions useful in 
30 practicing the therapeutic methods of this invention. A subject therapeutic 
composition includes, in admixture, a pharmaceutically acceptable excipient 
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^..t *e:eof. as ..«i.e. He., as an aCve a 
referred embodta* the con„»sffion comprises an an.gen capable of 



5 cell. 



H n of therapeutic compositions which contain polypeptides, analogs 
::::r:"e..,e:en.is»eun„ee.u»a>n.ea.. « 

■ ■ however solid fo™s suitable for sotabon m, or suspension in, liq 

buffering agen. «Mob enbance the effecUve^^ of *e acbve utgrcdtent. 

. polypep^de, a-^o, or ac«ve ,ia,„.nt can be fonnulated into the thera^utic 
.„ cor^-asneutrati^P-naceuacanyacc^^ 

free amino g P hydrochloric or phosphonc acids, or 

with inorganic acids such as, for example, ny Salts formed 

histidine, procaine, and the hke. 

30 Xhethe.ap«.cpol^P.e-,analo..orac.e..^^^^^^^^ 
„e convendonall, administered intntvenonsly, as by mjectton 
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example. The ..m "um. when used in referenee .0 a *erapeuhc 
co^posiUon of tt. present invenbon refers .o physically discreie units su.U^le as 
unitary dosage for hutnans, each uni. obtaining a predetermined ...ant.., of acUve 
™«n,l calculated to produce the dedred therapeudo effect in associauon w,U. fte 
5 required dUuent; i.e., carrier, or vehicle. 

The compositions are adninislered in a n»n„e, compaaWe with .he dosage 
fonnulahon, and in a the.af«.Ueally eff^tive anount. The quantity to be 
admtaistered depends on the subject to be treated, capacity of the subject s 
,0 immune system to udlize the active ingredient, and degree of inhibiuon or 

neut^i^on of recognidon factor binding capacity desired. Precse amounts of 
active ingredient requited to be administered depe.«l on the judgment of Ute 
p^tioner and are peculiar to each individual. However, suitable dosages nay 
Lge fiom about 0. 1 to 20, preferably about 0.5 «, about 10, and more preferably 
,5 onetoseve^,maUgramsofactivemgredientperlulog,ambodywetghtof 

individual per day and depend on the route of administradon. Suttab e regunes for 
Mtial administration and b««.er shots are also vahable, ^"^ ^-"^^T^ 
initial administtation followed by re^t«. doses a, one or more hour mtervals by 
a subsequent injection or outer administration. — *' """"""^^ ^ 
20 intiavenous infusion sufHcient to maintain conc^trations of ten nanomolar to ten 
micromolai in the blood are contemplated. 

The Uterapeutic cotnposittons may further include an effective amount of .he 
factor/i^tor syndtesis promote, anugomst or analc. thereof, »^ - " ^.l" s 
2, U,e following active ingredients: an ,ntibi«ic, a stet^id. Bxemplar, formulations 

are given below: 
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Formulations 
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Tn predient 
5 cefotaxime 

receptor recognition factor 

dextrose USP 
sodium bisulfite USP 
edetate disodium USP 
10 water for injection q.s.a.d. 

In gredient 
ampicillin 
15 receptor recognition factor 
sodium bisulfite USP 
disodium edetate USP 
■water for injection q.s.a.d. 

20 Tntrnvrnmis Formulation III 
In gredient 

gentamicin (charged as sulfate) 
receptor recognition factor 
sodium bisulfite USP 
25 disodium edetate USP 
water for injection q.s.a.d. 

TnimYrnnii-; F^rmnlartnn IV 
Tnp redient 
30 recognition factor 
dextrose USP 



m^/ml 
250.0 
10.0 
45.0 
3.2 
0.1 
1.0ml 



mp/ml 
250.0 
10.0 

3.2 

0.1 

1.0ml 



mg/ml 

40.0 

10.0 

3.2 

0.1 

1.0ml 



mg/ml 

10.0 

45.0 
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3.2 

sodium bisulfite USP ^ ^ 

edetate disodium USP 

1.0 ml 

water for injection q.s.a.d. 



10 



Tntravpnnus Tf^rmiilation V 
In predient 

recognition factor antagonist 
sodium bisulfite USP 
disodium edetate USP 
water for injecfion q.s.a.d. 



mg/ml 

5.0 
3.2 
0.1 

1.0 ml 



„ic™gr.n,,-mg-nea„smm,gram,-ur or Vrn«» minuter, ml 
mUliliter, "1" means liter. 



15 



Another feamre of *is inventor « *e expres^on of U« DNA sequent. d«do«d 
h^in AS is well know, in .he art. DNA sequences ™y be expres^d by 
operaUvely linking tt«m to an expression con,n,l sequence in an appropnate 
expression vector and en,ploy>«g <^ expression vector to transfbm an 

20 appropriate unicellular host. 

StKh operative linking of a DNA sequence of d,is invent!™, to an expression 
^uL,^. Of coorse, includes, if no. already par. of a,e DNA seque^ 
le prov^on of an in,Ua.ion codon. ATO, . .be «,rrec. reading fame ups^an 
25 of the DNA sequence. 

A wide variety of hosi/expression veclor combinations n>ay be employed in 
expressing the DNA sequences of this invenUon. Useful expressly vec«^s, for 
example, may insist of segn^ts of chromosomal, 

30 SynlheUc DNA sequent. ^''^^^ ^^^'''^ '^^'^ "^^ZnTuW 
Jown bac^rial plasmids, e.g.. B. coU plasmids col El, pCRl, pBR322, pMB9 
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and their derivatives, plasmids such as RP4; phage DNAS, e.g., the numerous 
derivatives of phage X. e.g., NM989, and other phage DNA, e.g., M13 and 
Filamentous single stranded phage DNA; yeast plasmids such as the 2^ plasmid or 
derivatives thereof; vectors useful in eukaryotic cells, such as vectors useful in 
5 insect or mammalian ceUs; vectors derived from combuiations of plasmids and 
phage DNAS. such as plasmids that have been modified to employ phage DNA or 
other expression control sequences; and the like. 

Any of a wide variety of expression control sequences - sequences that control the 
10 expression of a DNA sequence operatively linked to it - may be used in these 
vectors to express the DNA sequences of this invenUon. Such useful expression 
control sequences include, for example, the early or late promoters of SV40, 
CMV. vacdnia, polyoma or adenovirus, the lac system, the trp system, the TAC 
system, the TRC system, the LTR system, the major operator and promoter regions 

15 of phage X. the control regions of fd coat protein, the promoter for 

3-phosphoglycerate kinase or other glycolytic enzymes, the promoters of acid 

• phosphatase (e.g., Pho5). the promoters of the yeast a-mating factors, and other 
sequences known to control the expression of genes of prokaryotic or eukaryoUc 
cells or their viruses, and various combinations thereof. 



20 



25 



A wide variety of uniceUular host cells are also useful in expressing the DNA 
sequences of this invention. These hosts may include well known eukaryotic and 
prokaryotic hosts, such as strains of E. coli, Pseudomonas, Bacillus, 
Streptomyces, fungi such as yeasts, and animal cells, such as CHO. Rl.l, B-W and 
L-M ceUs, African Green Monkey kidney cells (e.g., COS 1, COS 7, BSCl, 
BSC40, and BMTIO), insect cells (e.g., Sf9), and human cells and plant ceUs m 
tissue culture. 



It will be understood tiiat not all vectors, expression control sequences and hosts 
30 will function equally well to express tiie DNA sequences of tiiis invention. 
Neitiier will aU hosts function equally well with the same expression system. 
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However, one skilled in the art will be able to select the proper vectors, 
expression control sequences, and hosts without undue experimentation to 
accomplish the desired expression without departing from the scope of this 
invention. For example, in selecting a vector, the host must be considered 
5 because the vector must function in it. The vector's copy number, the ability to 
control that copy number, and the expression of any other proteins encoded by the 
vector, such as antibiotic markers, will also be considered. 

In selecting an expression control sequence, a variety of factors will normally be 
10 considered. These include, for example, the relative strength of the system, its 
controllability, and its compatibility with the particular DNA sequence or gene to 
be expressed, particularly as regards potential secondary structures. Suitable 
unicellular hosts will be selected by consideration of, e.g., their compatibility with 
the chosen vector, their secretion characteristics, their ability to fold proteins 
15 correctly, and their fermentation requirements, as well as the toxicity to the host 
of the product encoded by the DNA sequences to be expressed, and the ease of 
purification of the expression products. 

Considering these and other factors a person skilled in the art will be able to 
20 construct a variety of vector/expression control sequence/host combinations that 
will express the DNA sequences of this invention on fermentation or in large scale 
animal culture. 

It is further intended that receptor recognition factor analogs may be prq)ared 
25 from nucleotide sequences of the protein complex/subunit derived within the scope 
of the present invention. Analogs, such as fragments, may be produced, for 
example, by pepsin digestion of receptor recognition factor material. Other 
analogs, such as muteins, can be produced by standard site-directed mutagenesis of 
recq)tor recognition factor coding sequences. Analogs exhibiting "receptor 
30 recognition factor activity" such as small molecules, whether functioning as 

promoters or inhibitors, may be identified by known in vivo and/or in vitro assays. 
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M n^nt^ed above, a DNA sequence encoding recep«=r — " ™ 
synfteacaily *an oloned. The DNA sequence can be de^^gned 
wiO, me appropria^ codons for .he «cep»r recognition fec»r am,no ac,d 
lice L enera.. one will select p«fe.«l »io. the intended host f the 
5 ^ILiUeusedfore.pte.ion.T.eco»ple.se,,.ncei.asse^.«.f- 

rZinSoli,onoc.eoU^P'^'>^'-'"--"»'°<'"^''"r\ 
overlapping s gdee MKxre, JM^'^S* d'S": '^"'^ " 

complete coding sequence. See, e-g- ^'^^ " 
al., Sae^e, 2^3:1299 (1984); lay et al., Bu,l. Oen. , 25S.63U (1984). 

,0 — DNA scue^^es allow convenient c^stmcdon of genes which will 
iress receptor recognidon fac»r analogs . ■.no^ns^ Al^r™..^^ 
encoding mttteins can be nade b, siteniirec^d ntoUgenests of naf v .emptor 
^gnlL ^ genes or cDNAs, and ntnteins can be nude dtrectl, us.g 
conventional polypeptide synthesis. 

" , gene^. .r^thod for sit^sp^iHc incorporafion of unnatn^ * 
proteins is descdbed in Christopher Noren, Spencer L Anthony-O^dl, ,^*ael 
C Griffith, peter O. Schol.. .Cence, 244:182-188 (AprU 1989). Th,s n..hod 
be used .0 create analogs with unnattnal amino actds. 

^ present invenSon extends ,0 the preparation of anUsense nr^leotides and 
I ' es dtat nu, be used to interfere with dre expression of dre recep^r 

r^IproJsatthe— . '-'^^'^'Z: 
„„deio add and ribo^mes to block translation of a spectfio mRNA, e,U.« by 
.5 ::^:„gdtat.KNAwid.anandsen.nncleicacidor.eavi.gitwid,anbo.,™e. 

^dsense nncleic acids are DNA or RNA .olecnles d.a. are eomplententary to at 
,ea3tapordonofaspeeif.e,nRNA.o,eeale.(SeeWe.|.^^^^ 

1Q88 ^ Tn the ceU they hybridize to that mRNA, tormmg <i 

^? dl no. Lllate an ntRNA in this donble-strand^ 

•^0 stranded molecule. The ceu aoes nui „t>ma 
ju budiiu^ jntprfrre with the expression of mKNA 

form. Therefore, antisense nucleic acids interfere witn 



wo 93/19179 PCT/US93/02569 

47 

into protein. Oligomers of about fifteen nucleotides and molecules that hybridize 
to the AUG initiation codon will be particularly efficient, since they are easy to 
synthesize and are likely to pose fewer problems than larger molecules when 
introducing them into receptor recognition factor-producing cells. Antisense 
5 methods have been used to inhibit the expression of many genes in vitro 
(Marcus-Sekura, 1988; Hambor et al., 1988). 

Ribozymes are UNA molecules possessing the ability to specifically cleave other 
single sttanded RNA molecules in a manner somewhat analogous to DNA 

10 restriction endonucleases. Ribozymes were discovered from the observation that 
certain mRNAs have the abUity to excise their own introns. By modifying the 
nucleotide sequence of these RNAs, researchers have been able to engineer 
molecules that recognize specific nucleotide sequences in an RNA molecule and 
cleave it (Cech, 1988.). Because they are sequence-specific, only mRNAs with 

15 particular sequences are inactivated. 

Investigators have identified two types of ribozymes, Tetrahymena-typc and 
"hammerhead"-type. (Hasselhoff and Geriach, 1988) Tetrahymena-typc nbozymes 
recognize four-base sequences, while "hammerhead"-type recognize eleven- to 
20 eighteen-base sequences. The longer the recognition sequence, the more likely it 
is to occur exclusively in the target mRNA species. Therefore, hammerhead-type 
ribozymes are preferable to Tetrahymem-typt ribozymes for inactivating a specific 
mRNA species, and eighteen base recognition sequences are preferable to shorter 
recognition sequences. 



25 



The DNA sequences described herein may thus be used to prepare antisense 
molecules against, and ribozymes that cleave mRNAs for receptor recognition 
factor proteins and their ligands. 



30 The present invention also relates to a variety of diagnostic applications, including 
methods for detecting the presence of stimuli such as the earlier referenced 
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. to their ability to eUcit the activities which are 

mediated by fl-e pt«en. ' „ i«« by . variety 

^ can - 2^ ^" ^ . ....ed and ub^ in 

5 tests for the presence of particular u 

10 will be refetred to betem a» " i 
Ab,. 

•«™ faotbr to celb can be a««tained b, the usual 
* P-- <" '-P"' ttlb detenuinations. A nu.be, o, u«ful 

— r^-^Tp^u^ wiaeb a,e especial., useful utili. 
15 p^,»esa«i™w«- ^"^f^^^^.^^eableM^UantibtKlyAb, 
eittter the ,e«p»r «cognibon factor ^ 

l^Wwlth adetecublela..., "^^^^^^.^^ whetein the 

p— ntay be .ntmamed by f* ^ ^^^^ 
^Undica.es.hattbcpa«icle>slabeled,and RBF 

20 recognition factor: 

A. RRF* + Ab, = RRF*Ab, 
B RRF + Ab* - RRFAb,* 
C RRF + Ab. + Ab.* = RRFAb,Ab.* 

. ^^ocedu^and^^appucabon--^^^^^^ 

accotainslV -V ^ „ ,, p^t Nos. 3,eM,<«0 

— "^:'::t!i:rp™cedute, is d^Hbed . ... 

and 3.850.752. ^"" ^'^Z stm other procedutes ate ^ow„ such as 
Patent Nos. RE 31.006 and 4,016,043. 
30 tt. -double antibody", or -DASP- procedure. 
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,„ «ch u^sm^. receptor ■ecognia™ fom, co.^ - >, one^ 
™„. an«bo<.,(i«) o, binding partner and on. n,»,be, of *c -P « « 
wift a deniable l*el. Tbe fact M a complex has fonned and, M, 
^ *e«of, can be de^mined by known «^ applicable » *e de«.on 



5 of labels. 



„ »iU be seen fton, «.e -.ove, « . cba»«eriaflc p^peny o, A-H - « 
1. Ab,. ™s i, because Ab, «»ed in »e o^malian speces has b^ 
I : anoib^r species as an » raise *= anUb<.y Ab. For e.n,,e A^ 
,0 Cberai^dingoaUusins^bM— asanUgens. Ab.'l-f-w™.^ 
.Lbitanb^yraisedingoa. ^or P».POses or Ms d^npuon and 
Ab, will be referred u. as a primary or ,nS-r«ep« recognruon fac«r anubody, 
and Ab. wiU be referred to as a secondary or anti-Ab, antibody. 

,5 Tbe W,e>s most commonly employed fb, these stt^ies are radioacU- elenten^ 
en^n^s. chemicals -oh f.nores« *n exp^ed to ultraviolet Itght. and others. 

A number of lluoresc^t materials are known and can be udli^ as labels^ These 
■ LTfor example, fluorescein, rhodamine and auramine. A par^cu^ dete^mg 
,0 m!:::isanti-..l.anab«ly,neparedin,oatsandco„ius«edwi,bn»o,«^^ 

through an isothiocyanate. 

•nte receptor recognition fector or its binding partnerfs) can also be labeled with a 
rdll-en'orwitb.enxyme. Tl. radioactive label can be detected by 

, :of.cu..enUyavailab,ec.nangpro^ur. -^-red^" 

, 3u »r «S ^1 *'Cr, "Co, **Co, "Fe, Y, l, i, anu 
selected from 'H, '^C, P, "-i' ^ ' 



"«Re. 



En^me labels are Ukewise useful, and can be detected by any of the presenUy 
,0 , sP^trophotometric, 

„r gasometrtc techniques. Tire en^me is co-jugated to .he selected ^cle by 
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^tton «iU, Wging molecules s«ch caAodumides, diisccyana^, 
g,„U>Mde>„de aad >he like. Many enzymes which can be used « a»se 
Ldures n« known and can he udtad. ^ prefened a. pero.«.ase 

Toie 043 a« reared «. b, «ay of example for to disclosure of almate 



labeling material and meUiods. 



A .^rdcular assay system de^loped and udlized in accordance wi* fte P-en. 
.0 L^:^slo,„Lasare«pC«assay..ar«.p»rassay>ema«nal.obe 

Ztd 1 a q-^tity of bo* Ubeled and unlabel maunal after wh>ch 
:i:^tl are conlted te determine extent » WMCK «te .beted n««^ 

IlTte d-e cel. recep-ors. In .bis way, differer^s in affini. betwe. matenals 

15 can be ascertained. 

Accordingly, a °' 

To Je^ and combined, for example, wid- andbodies or od,er mhrb.»rs 

after wHch binding ».ies would be carHed ou.. SoluUons wouM to be 
,0 *a. con* various luanUdes of labeled and unlabeled uncomhmed 

Z^lgnita^».andceUsampleswouldtobeinoc„Utedand 

ZIr tobated. * resuiang mom-ayers are to wasl«d, solu ^ 

counted ina^amma counter roral».*ofUmes„m^..J-^^^^ 
^aard error o, <5%. B«e d- are to subjected » Sca«h^ 
,S whicb observaaons and conclusions regarding matenal - 

While d.e foregoing is exemplary, ic illustrates the manner m wh,ch re«ptor 
Zly be formed and utilized, in the instance where the cellular bmdmg 
„f .e rsayed materia, ma, serve as a disUnguishing chara^ensuc. 
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A„ as^y usefu. and con«™platt<i in accordance with a,e present invenuon . 

as a -d^uans- assay. Briefly, assay employs .wo genetic consmrCs, 

o^ of whid, is wi-"y a p-"' — " '^"T n : 

of interest when transfected into an appn,pri«. ce.1 line, and the second of whrch 
5 is a plastnid that expresses a reporter such as lncifer.se, nnde^ .he contn,l of a 
con^lex. Thns. for example, if it is desired to e^luatc a 
compou™. as a Uga«. for a particnlar r«eptor, one o, the ^^J^^' 
consL that results in expression of the r«eptor in the chosen ceU Une, w^ the 
second ptesntid w^tld possess a p^moter Unked to me Inciferase gene tn whrch 
,0 the response element u, die particuter receptor is inserted. If the compound under 
^ is an agonist for the re«p«», .he ligand wiU complex wid, the recepu.. and 
the resulting complex will bind *e response element and initiate tran^rrpuo. of 
d« lucifen^ gene. The resulting chcmiluminescence is .hen measured 

photometrically, a«l dose response curves are obtained and -mpar^. to *ose "f 
,5 known ligands. The foregoing p,o««* is described m detail in U.S. Pnte^. No. 
4,981,784 ^ PCT In.emational Publication No. WO 88/03168, for whtch 
purpose the artisan is referred. 

IT^urthcr embodiment of *is invention, commercial «s. .tits suttable for use by 
a medical specialist ma, be prepared to determine d» presence or absents of 

20 prede^rmined transcriptional activity or predetermined uanscripbonal acUvtty 
capability in suspec^d targe. ceUs. In a^ce wid, ti,e testing .«^.,ues 
discussed above, one Cass of such kiu wiU contain at leas, fte labeled ««p.o 
^mtio. factor or its binding pariner, for insUnce an antibody spectfic ti,ereto, 
and directions, of course, depending upon .he meAod selected, e.g., 

25 "competitive", "sandwich", "DASP" and ti,e like. The Itiu may also conuun 
peripheral reagents such as buffers, sUbiUzers, e.c. 

Ac»rd,„gly, a tes. «. may be prepare, for U,e demonstration of the presence or 
capability of cells for predetermined transcriptional activity, compns.ng: 
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(a) a predetermined amount of at least one labeled immunochemicaUy reactive 
component obtained by the direct or indirect attachment of the present receptor 
recognition factor or a specific binding partner thereto, to a detectable label; 
(fa) other reagents; and 
5 (c) directions for use of said kit. 

More specificaUy, tiie diagnostic test kit may comprise: 

(a) a known amount of the receptor recognition fector as described above (or 
a binding partner) generaUy bound to a solid phase to form an immunosorbent, or 

10 in the alternative, bound to a suitable tag, or plural such end products, etc. (or 
their binding partners) one of each; 

(b) if necessary, other reagents; and 

(c) directions for use of said test kit. 

15 In a furtiier variation, the test kit may be prepared and used for the purposes stated 

above, which operates according to a predetermined protocol (e.g. "competitive", 

"sandwich", "double antibody", etc.), and comprises: 

(a) a labeled component which has been obtained by coupling the receptor 

recognition factor to a detectable label; 
20 (b) one or more additional immunochemical reagents of which at least one 

reagent is a Ugand or an immobilized Ugand, which Ugand is selected from the 

group consisting of: 

(i) a ligand capable of binding witii tiie labeled component (a); 

(u) a Ugand capable of binding witii a binding partner of die labeled 

25 component (a); 

(iii) a ligand capable of binding with at least one of die component(s) to 

be determined; and 

(iv) a ligand capable of binding with at least 

one of die binding partners of at least one of the component(s) to be determined; 

30 and 
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(c) directions for the performance of a protocol for the detection and/or 
determination of one or more components of an immunochemical reaction between 
the receptor recognition factor and a specific binding parUier thereto. 

5 in accordance with the above, an assay system for screening potential drugs 
effective to modulate tiie activity of the receptor recognition factor may be 
prepared. The receptor recognition factor may be intioduced into a test system, 
and the prospective drug may also be introduced into die resulting cell culti.re, and 
the cultiire thereafter examined to observe any changes in die tianscriptional 

,0 activity of the cells, due either to the addition of the prospective drug alone, or 
due to the effect of added quantities of the known receptor recognition factor. 

TT^n TMTNAPY r^m^STPP^^TIONS 

15 AS mentioned earUer, the observation and conclusion underlying the present 
invention were crystalUzed from a consideration of the results of certain 
investigations with particular stimuli. Particularly, the present disclosure rs 
iUustiated by the results of work on protein factors that govern transcripUonal 
control of IFNa-stimulated genes, as well as more recent data on die regulation of 

20 ti^nscription of genes stimulated by IFN.. The following is a brief discussion of 
the role that IFN is beUeved to play in the stimulation of transcription taken from 
Darnell et al. THE NEW BIOLOGIST, 2(10), (1990). 

Activation of genes by IFNa occurs witiiin minutes of exposure of ceUs to tins 
25 factor (Lamer et al., 1984, 1986) and is stiicfly dependent on the IFNa bmdmg to 
its receptor, a 49-kD plasma membrane polypeptide (Uze et al., 1990). However, 
changes in intracellular second messenger concentrations secondary to the use of 
phorbol esters, calcium ionophores. or cyclic nucleotide analogs neither triggers 
nor blocks IFNa-dependent gene activation (Umer et al.. 1984; 
30 1989). NO oUier polypeptide, even IFN„ induces the set of mterferon-stimula ed 
genes (ISGs) specifically induced by IFNa. In addition, it has been found that 
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IFNrdependcnl transcripaonal slimulaUon of at least one 6e.e in HeU cells and 
to Hbroblasts is also slhctly dependent on «ceplor-ligand interaction and « not 
activated by induced changes in second messengers (Decl^r et al., 1989; U« et 
al 1989) These highly specific ceceptor-ligand interactions, as wett as the 
5 pr«=isetranscrip.kK»l response, require the intraceUular recognition of re^^ 
<«c„pation and the contrannieaUon to U>e nucleus to be equaUy ^fic 

He activation of ISGs by IFNc is carried out by tnu,scriptional ftctor ISGF-3, or 
interferon stintulated gene factor 3. This factor is acdvated promptly after IFN. 
,0 ueatn«t,vithontprotetasynthesis,asis.nu,scripUonitself(Uroeretal.,1986; 

Uvyetal.. 1988; Levyetal., 1989). ISGF-3 binds to the ISRE. the toterferon- 
stimulaled response element, in DNA of the response genes (Reich et al.. 1987; 
Levy et al.. 1988). and this binding is affected b, all of an extensive set of 
mutations dm also affects the Uanscripttonal function of the ISRE (Kessler e. al., 
15 1988a). Partially purified ISGF-3 containing no od«r DNA-bimling components 
can stimulate ISRB-dependent m vUro transcription (Fu et al., 1990). IFN- 
■ dependent stimulation of ISGs occurs in a cycle, reaching a peak of 2 hours and 
declining promptty titereafter (l^er et al., 1986), ISGF-3 foUows tite s»e 
cycle (Levy et al., 1988, 1989). Finally, die presence or absence or ISGF3 m a 
20 variety of IPN-sensidve and IFN-resis«nt cdls correlates witi, d>e transcription of 
ISGs in these cells (Kessler et al.. 1988b). 

,SGF-3 is composed of two subtractions, ISGF-S, ^d ISGF-3.. ««. are found in 
U,e cytoplasm before IFN b^ds to its receptor (Uvy et al., .989). When ceUs are 

25 treated «iU, IFNa, lSGF-3 can be deleted in U,e cytoplasm within a minute, tttat 
is some 3 to 4 minutes before any ISGF-3 is found in a« nucleus (Uvy « al 
1989). Hie cytoplasmic compon^tt lSGF-3r can be increased in HeU cells by 
pretreaunent with 1FK„ but IFN. d..s no. by itself activate inscription o^ SGs 
„„r raise U,e concentration of dre complete ^tor. .SOF-3 i^-^ - '^' 

30 11.= cytoplasmic iocafetion of the protdns that interact to consumte lSGF-3 wa^ 
provlb twokindsofexperiments. When ey«.piasm of IFN.-.rea.ed cells that 
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lack ISGF-3 was mixed with cytoplasm of IFNa-treated cells, large amounts of 
lSGF-3 were formed (Uvy et al., 1989). (It was this experiment that indicated 
the existence of an ISGF-37 component and an lSGF-3a component of ISGF-3). 
In addition, Dale et al. (1989) showed that enucleated cells could respond to IFNa 
5 by forming a DNA-binding protein that is probably the same as ISGF-3. 

The ISGF-3T component is a 48-kD protein tiiat specifically recognizes the ISRE 
(Kessler et al., 1990; Fu et al., 1990). Three other proteins, presumably 
constituting the ISGF-3a component, were found in an ISGF-3 DNA complex (Fu 

10 et al., 1990). The entirety of roles of, or the relationships among these three 
proteins are not yet known, but it is clear that ISGF-3 is a multimeric protein 
complex. Since the binding of IFNa to tiie cell surface converts ISGF-3a from an 
inactive to an active status within a minute, at least one of tiie proteins constituting 
ISGF-3a must be affected promptiy, perhaps by a direct interaction with the IFNa 

15 receptor. 

The details of how the ISGF-37 component and the three other proteins are 
activated by cytoplasmic events and then enter the nucleus to bind the ISRE and 
increase transcription are not entirely known. Further studies of tiie individual 
20 proteins, for example, witii antibodies, are presented herein. For example, it is 
clear that, within 10 minutes of IFNa hutment, there is more ISGF-3 in the 
nucleus than in the cytoplasm and that the complete factor has a much higher 
affinity for the ISRE than the 48-kD ISGF-37 component by itself (Kessler et al., 
1990). 

25 

In summary, the attachment of interferon-a GFN-a) to its specific cell surface 
receptor activates tiie transcription of a limited set of genes, termed ISGs fu: 
"interferon stimulated genes" [Lamer et al., PROC NATL. ACAD. SCI. USA, 81 
(1984); Lamer et al., J. BIOL. CHEM., 261 (1986); Friedman et al., CELL, 38 
30 (1984)]). The observation tiiat agents that affect second messenger levels do not 
activate transcription of Uiese genes, led to the proposal that proteiniprotein 
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u nninp at the IFN receptor might act directty in 

transmitting to the nucleus the signai £ 
ai NEW BIOLOGIST,! {1991)1 

the aclivaled genes. Inioauy, " 
GENES i DEV.. I (.19m- 

^ P— of ^^l^" ^. ^ eo^ple. was -e up of 

^«n.o HeU^«* WEfiMBO.^.. '<'"«»■ " 
™ iB o«» [«.-. and Uvy « (3p.3„ p^ns, the 

of polypepodes of l^'^ " cavK * O^^- ' ft^^ 

^de in fte ceU CU.plnsm [U-V > »^ • 

P.ac. miL. AC^n. sc. V3^. « ^ „^^„,_ 

------- r;i;:::Lf.n.anocc„p---- 

set of genes [Uvy et al., GSffiS 4 

■,H *e present invention, specific proteins comprising receptor 

"rr-^^r::- 



20 



25 
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0ftteU31cup ... ^ K, arise tan. t«o ■ii»'«"'"'°<*^ 

p„dum from mother gen.. Antueo po 

p„.tns Have ^ been P^ '"^r It I rceU e-uac., 
.0 fac»r(.«ec»..,*eel«»^c,«.,cn»b..^^<-y ^...ai^mtyof 

ftecDNA and the proteins they encndeptovuiestenecessaorm 

fce cDNA ano tn p immediate cjtopiaanic 

ho« the Uganded IFN-« ^^ ^^ ^ 
acdvation of the ISOF-3 pro«=n. complex, as well as to 
orac.onofd«.ecept.re«.nitic.f.«»seontem^.~ 

^ Of 1S0P3. protdns, and the evaluauon — ^ , 

, Q1 kD orotein as a messenger and DNA mnauig i» 

role played by the 91 kD prote , testing of antibodies 

20 examples that follow below. 



KY AMPLE 1 



. fKfiF^ HeLa ceU nuclear extracts were 
TO ptnif, relaave,, lane amotmts 3 HeU 

::r;:;rmJedeserihedearlieri„.heiden.ca.on„f.hefo.r 



ISGF-3 proteins. 



30 A— n.^ extracts were made ~ ^ ^ tir^ 
ai., THE EMBO. J. , 9 (1990)1 and chromatographed as pre 
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et al PROC. NATL. ACAD. SCI. USA. 81 (1990)] on: phosphocellute P-U. 
^„ ^ ,S^y, DNA ceUulo. <^^' M-„hei»-, flow^rough 
lL.Lr «,e »as U- 0.28M KC. - 0.5. NP^). 

^cocsive ro^ds of BRE oUgo affWty «..un„ (..8 ™l «.lu«. elu-ed a 
5 rU-o,0.05»..0MKa).,a^..™uU„..SHBo.g^c|^^^ 

coJ (flow trough ^ascoUectea after U«n«.«ialv,a. adjured «, 0.28M 

0.05 «. ..OM NaC. g«d« - -.05. NP-40) Co u» 

ftacdon, conuintag ISGP-3 were s-bsequendy examined for punty by 
.0 PAGE/sdversUini^g and pooled app«.pna.e,y. TT« pooled frac^ons were 
by a cenuic^a-io (Am^n). The poo. o, fra.^0. fton, 

orepanidon. 1 and 2 were combined and mn on a 10 on, w,d=, 1.5 mm duck 
preparations 1 The oroteins were eleclroblotled to nitrocellulose 

7 5% SDSpolyacrylamide gel. The proteins wc. 

f„, 12 brs at 20 volts in 12.5% MeOH, 25mM Tds. 190 mM glycme. T*e 
.5 :I^Iwasstainedwi.hO...Poncea„KedCml%ace,icaci<Oandtheba„ds 

91 kD 84 kD. and 48 excised and »ibi«ted to pepude analysis 

r»ScdiontWed.,cbow,.eta..,.,B». C«H.., 2«M.990. 

ZZ. et .nOC NA^ ACAO. SC. VSA. U (.9^>. « resnl^g 

4r , th^ 01 kD and 84 kD proteins are indicated in Hg. b. 
neotide sequences for the 91 ku ana o'ns^ f 
.0 D;nereoUgonu.eotideswe.des,ned.asedontHe^^^^^^^^ 

tl3b and t27: (Forward and Reverse complements are denoted by F and R. 

19F AACGTIGACCAATTNAACATG; 
T T GC T 

25 

BbR GTckTO^OOGTANAO-, 271. GTACAATT^AACCAGNOCAA 
A A A A 



30 



35 



^ Snal ISKE oligonncleodde affinity sCection yiel ed ^ w«^^ d. SDS 
potyacryiamide gel electro^oretic patten, sbown m Pig. 4 (left). W 
^esZted about 1.5% of the avai«e mateiia. purified from over 00 L of 

represenitxi qi 54 and 48 kD bands were 

appropriately treated HeU cells. WhUe 113, 91. 84 and 
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clearly prominent in the final purified preparation (see Fig. 4, right panel), there 
were also two prominent contaminants of about 118 and 70 kD and a few of other 
contaminants in lower amounts. [Amino acid sequence data have shown that the 
contaminants of 86 kD and 70 kD are the KU antigen, a widely-distributed protein 
5 that binds DNA termini. However in the specific ISGF-3: ISRE complex there is 
no KU antigen and therefore it has been assigned no role in IFN-dependent 
transcripUonal stimulation, [Wedrychowski et al., J. BIOL. CHEM., 265 (1990)]]. 

Since the mobility of the 113. 91, 84, and 48 kD proteins could be accurately 
10 marked by comparison with the partially purified proteins characterized in 
previous experiments [Fu et al.. PROC. NATL. ACAD. SCI. USA, 87 (1990)], 
further purification was not attempted at this stage. The total purified sample 
from 200 L of HeLa cells was loaded onto one gel, subjected to electrophoresis, 
transferred to nitrocellulose and stained with Ponceau red. The 113, 84, 91, and 
15 48 kD protein bands were separately excised and subjected to peptide analysis as 
described [Aebersold et al., PROC. NATL. ACAD. SCI USA, 84 (1987)]. 
Released peptides were coUected, separated by HPLC and analyzed for sequence 
content by automated Edman degradation analysis. 

20 Accordingly, tiie use of tiie p^tide sequence data for three of four peptides from 
the 91 kD protein and a single peptide derived from tiie 84 kD protein is descnbed 
herein. The peptide sequence and the oligonucleotides constructed from them are 
given in the legend to Fig. 4 or 6. When oUgonucleotides 19F and 13bR were 
used to prime synthesis from a HeU cell cDNA library, a PGR product of 475 bp 

25 was generated. When this product was cloned and sequenced it encoded the 13a 
peptide internally. Oligonucleotide 27R derived from the only available 84 kD 
peptide sequence was used in an anchored PGR procedure amplifying a 405 bp 
segment of DNA. This 405 bp amplified sequence was identical to an already 
sequenced region of the 91 kD protein. It was then realized that the peptide t27 
30 sequence w^s contained within peptide tl9 and that the 91 and 84 kD protems 
must be related (see Fig. 5 & 7). OUgonucleotides 19F and 13a were also used to 
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^ CDNA cone, fto™ a cDNA Ubrary .ade torn mRNA p^pared 
after 16 hr. of IFN-Y and 45 min. of IFN^ treat«nt 

Of a,e ,u,.e™.s CDNA clo„« « hybridized oUgonuclcoade. and al»- me 
Of Oie nume 

5 donedPCRimdutts, one cDNA clone, E4,con>am „.tl3|, 
e^e flanked by lnf^n.= ^ codons. Se,ne„c« of pepudes .19, .13 a, anda3b 

oonBined in *i. 2217 bp ORF (« Rg. 6) wbich wa. aumcenUo e^e a 
;:ei„of73,andnoacidsMc„U.ed™ol«...»eisb.ofS6H.,. ^e^don^^r 

L indlca-ed ini«al — e was p.e«d- by in ~ 
,0 coding capad.y has been confined by «ans.aSng in v..ro an ENA copy of to B4 
^ «™du« of nondna. ^ of se kP, — . sbo«e, ^ 0,e ,n 

^ pro^in di^ussed easier (dau no. shown,. dns «snl. 

indicaKs p«»-ttanslattonal modification of .he protein m *c ceU. 

,5 A ^nd Class of Cones was also id^Ufied (sec Fig. 5). E3, PJ*W^ 
tlJwas IdenUcal «, B4 fio™ ^ 5' end b, bp 22,. (aa 701, a. w po». d,e 
^ncces diverged complexly. B„.h cDNAs .erminated wi* a polyW 
pier e«n analysis snggesred anotor - 150 bp were .nss»g fro™ to^ 

er^ofbe^n^As. ™A probes were ™ade fro. d,e re^^-^*, 
.0 co»n.o„»doni,ucse,oences.r„sein.ord,ern.o.a^,^^^^^^ 

of fte probes is as foUows-. 20 mg of cyU>plasnnc SNA (0.5 « NP ^ ly 
,FN^ ^ (6 h, Heu RNA was fr^ona^d in a 1% agarose, 6% 
rorn^ldehyde gel (in 20 ™M MOPS, 5.nM KaAc, 1 n*. H,TA, p„ XO, 
, . 125 vol«. The BNA was Ban.fcned in 20 x SSC .o Hybond-N (An,crsha«,, 
25 UV crossUnked and hybrid,»d wid, 1x106 cpn^.l of *e indicated probes 
(1.5x10* cpm/mg). 

n fn and E4 hybridized to two RNA species of 
Probes from regions common to E3 and b4nyD 

• . i„ ^ 1 KB and 4 4 KB. Several probes denved from the 3 
approximately 3.1 KB and 4.4 k .vhridi/^d only the larger RNA 

30 non-codir.gendofE4,whichwereumquetoE4,hybnduedonlyth 
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species. A labeled DNA probe from the unique 3' non coding end of E3 
hybridized only the smaller RNA species. 

Review of the sequence at the site of 3' discontinuity between E3 and E4 
5 suggested that the shorter mRNA results from choice of a different poly(A) site 
and 3' exon that begins at bp 2286 (the calculated molecular weight from the E3. 
The last two nucleotides before the change are GT followed by GT in E3 in line 
with the consensus nucleotides at an exon-intron junction. Since the ORF of E4 
extends to bp 2401 it encodes a protein that is 38 amino acids longer than the one 
10 encoded by E3, but is otherwise identical (ORF is 82 kD). 

Since there is no direct assay for the activity of tiie 91 or 84 kD protein, an 
independent method was needed to determine whether the cDNA clones we had 
isolated did indeed encode proteins that are part of ISGF-3. For this purpose 

15 antibodies were initially raised against the sequence from amino acid 597 to amino 
acid 703 (see Fig. 6) by expressing Uiis peptide in the pGEX-3X vector (15) as a 
bacterial fusion protein. This antiserum (a42) specifically recognized the 91 kD 
and 84 kD proteins in both crude extracts and purified ISGF-3 (see Fig. 7a). 
More importanfly this antiserum specifically affected the ISGF-3 band in a 

20 mobility shift assay using the labeled ISRE oligonucleotide (see Fig. 7b) 

confirming tiiat the isolated 91 kD and 84 kD cDNA clones (E4 and E3) represent 
a component of ISGF-3. Additional antisera were raised against the amino 
terminus and carboxy terminus of tiie protein encoded by E4. The amino terminal 
59 amino acids Uiat are common to both proteins and tiie unique carboxy terminal 

25 34 amino acids encoded only by flie larger mRNA were expressed as fusion 
proteins in pGEX-3X for immunization of rabbits. Western blot analysis with 
highly purified ISGF-3 demonstrated thaX tiie amino terminal antibody (a55) 
recognized boUi the 91 kD and 84 kD proteins as expected. However, the other 
antibody (a57) recognized only the 91 kD protein confirming our assumption that 

30 the larger mRNA (4.4 KB) and larger cDNA encodes the 91 kD protein while tiie 
shorter mRNA (3.1 KB) and cDNA encodes the 84 kD protein (see Fig. 7a). 
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. „,e «,ecloningof*eU3kDpto«tott>atc<».pns««.eof.he*,ee 
In this example, the cionmg " 
ISGF-3a components is disclosed. 

^ •« ^ KGV.^ the 113 kD band was identified, 

excised and objected «. deav^ ^ peptide sequences (A-E) we« 

c,^„^ (B. D^e- ^ , fi,r 

10 *-FP»to Bgh«nposBveoDNA clones 

^ve». from 2.5 ^J-'^ ^J^ Oonc fll 

E (Fig. 8A, and U.e legend). ^^ ""^ « overlapped alK».t 

c^^ned a 3,. KB CDNA, and ^^J^-^ - ^^^^^ ^^„„ 

N(;aHC-«aDSSES..«(19M)]. 

,„^«„.„d.^.ecl,.Aelo„es,aP«P----^^^ 

.0 oHgo„uc^----«--«j^-:::::rt;isreg,o„. 

« „,en s^uenced ^ ^^^J^^^^^ „ ^ ^.g ,»ne ca^le 
combinmion of these clones ni and .^.^ i„„ dones were 

of encoding a HvP^S-e of 85 1 amino -^^'^ ^ 

« clone«as.ans.a«dinv,UO,..dmg a P^^^^^ ^ appropriate e.»e 

a nominal — .^^^ «^ KNA «ansla.ed in d>e 

encoding *e 91 tD p<o.e>n was also '""^ ^.e U3 

.^ e^men.. 't-^ ^ -7"'';^^7^r uanslared in.o pro^ins 
p,o«in and fte 911d, protein produce RNAs 
30 migratesomew.a.fastert^.^ep™"'^;^^^^^^ 
possible that .be proteins undergo post-translauonal 
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eroding ««. 3' en- of ftc 113 P 

f in icD (or indeed any of 

r^- fiiA arrivitV of the ^ V"* 

PJOC. Wn.. /.OR SC/. USA «7 ( 9 H ^^^^^^ 
,0 The^fore »-Use™n. » a W"^ '*™ ' ^ ^„ p«oc. N^n- ^C^- 

^ttserun. «>cBd predomi-antty a 113 P cdl 
•fi, UNA affinity ctaomalosraphyO^'"'" ^ 
,5 p.'ir«->'V^*"^^^^vi,y»lov«P«*i«— ''^ 
„ttaot (Une 2. Fig. WA). ™ " i„p<^tty, «» antiseru" 

^M,y »n<«d al— »» "^f ^„ spcciHcally 

Z^'^' P'* >» r TI *o„-'««de Wing (-e 

^ migrating shift b». P"^"-"' '° ^ ,^„.t dc« in*«. 

-''•--*"t"ri---3— 

wilh another prolan *at«P^°' 

„„tem« them and 91 sequences fono«<ia='^- 
A delaiW sequence companson be.»«en 

,3,»«le.hen.l«..«.«^-X^^ ..«ee™se„^ 



25 
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„ ™. «ca. » con^spcndi., ..ions of 9. » ^ 

. ,K Tlus occurred between amino acid 210 and 245 in the 113 
leucine repeats. Thisoccurreu wh the 1 13 kD and the 

Ql /84 kD sequences, 4 out of 5 possiDie nepuiu 

^soriptton 6c«„s [Vinson « al., »^ ^ „^ ^ 

tD proKin (Fi6. 8A), possibly impl-eatrng 113 kD p«.t«n m B 
15 [Hopeetal., Ma etal-.CEU., 48(1987)1. 

pm plsSION 

toes, lKe« w«e no sequence Ito U3 or ^„^„, 
,0 «peHn«n..c«.veHndica.«*e«a.^.^^^^ 

-Tj;: ir r - 
:trnr.sr.o«ao.-«-.p»-^^^^ 

. in tn and 84/91 kD protems may act as signdi 
hypothesize that the 113 kD ana miyi f 

• . rin. with the internal domain of a Uganded IFNa receptor or 
.5 somehow mteraCng w^Oi tt. n ^ ^^^^^^^ ^^^^ 

.sociated p..m ^ ^^^^^^^^^ ,,erent receptors are 

"Ji: X- Ue lead hefore .is general hy^thes. .e 
occupied. Many -P^"'"^ ^ibitors of protein 

cruciaUy tested. Recent experiments have mmca 

.nt TSGF-3 complex formulation [Reich et al. , PROC. NAIL. 
30 kinases can prevent ISGF 3 comp . ^.^^ cffEM., 266 (1991)1. 

^C4D sa. l/S^, 87 (1990); Kessler et al., J. BIOL. CHtM 
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L«.c .na« ac.v„ [U« e. a.., C«., «>(.«.,; '^^^'^ 

. .u » »;»i,..r 9 «Kcond receptor chain with Kuiase 
fl988)l. We would speculate that either a secono reu:p 

5 complex that would convey signals to the ISGi- P 
the plasma membrane. 

u it h., been concluded that accurate peptide sequence from 
prom the ahove, it ..s^ - ^^^^^ 

,SGF-3 protem ^ , ,SGF-3 . Since 

tn of cDNA clones encoding the 113, Vi ana r 

10 of CDNA ..^ff^tive kinase inhibitor blocks IFN-a induction of 

staurosponne. a broadly effective ^ sCI. 

«^ of njfiF-3 formation [Reich et al., PKUC. isaji^- 

USA 87 (1990); Kcssler el al., J. B'Oi- ' 

r;h! I GF- proteins are direct cytoplasmic substrates of a Ug^ded 

thatthelSGF ia p - against these proteins should prove 

IS receptor-associated kmase. The anuserum . ^ft^^pw 
15 recepioi ... the ISGF-3a proteins before and after IFN 

transduction from the IFN receptor. 



20 



gy AMPLE 3 



AS menlional earlier, «,e observaUon a,^ <«»olu.on underlying U,e present 

control of IFNa-sUmulated genes, as wei. ^ 
transcripUon of genes stimulated by IFN-y. 

. .fh.t the 91 kD protein is the tyrosine kinase target 

- r;jTustL"l. U.a„-^ aca„, .Hro„.. .w„ 

rzr:r-:i- w. ..a.,, 
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the nucleus. 



aephospho^lalon is r^ponsbte for — g Uanscnptt™. 
" of te 113-91 piotemfemilywffl be MenliflBi"' 

^^^^ m 7:1^,, „„e ^ .en eas.y 

p^„„.«io« Si. o, P~^'^^ and lilce^ise O-e 

determine »hich fanulj memters are «Uvat W ^ 

25 within the scope of the present invenbon. 



PY AMPLE 4 



,„ e.^-, an e,— ^=^71".; 

•n^ riNA binding protein, tetmea u/\r l& 
30 ^nden. 1 w«L complex s^.c.1, formed .a. .rmed 



factor (10)1 
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GAS (10,14). A protein capable of forming an electrophoretically stable 
DNA-protein complex with the same characteristics as GAF has now been 
identified in extracts of fibroblasts, by the much more convenient electrophoretic 
mobility shift assay (16) (Fig. 13). The gel-shift complex is induced in 15 min. 

5 by IFN-7 but not IFN-a (Fig. 13A, lanes 1-3) and is specifically competed by the 
GAS oUgonucleotide and not by the ISRE (3) which is the IFN-a responsive site 
(Fig. 13A, lanes 5-6). The prompt IFN-7 dependent activation of tiiis factor 
occurs without new protein synthesis (Fig. 13B and 13C). This DNA binding 
activity appears within minutes of IFN-7 tieatment, is maximal between 15 and 30 

10 minutes and then disappears after 2 to 3 hours (Fig. 13Q which correlates widi 
the time course of INF-7 induction of tiie GBP gene in fibroblasts (9,10). Thus, 
the factor assayed by elecU:ophoretic mobUity shift assay has the same behavior as 
tiie factor previously described using the exonuclease m assay. The factor 
producing the gel shift is therefore referred to as GAF (the gamma activating 

15 factor). 

FXAMPLE 5 

A 91 kP prntrin contacts DNA 

20 To test the size of the protein or proteins that contact DNA in the GAF, an 

experiment which crosslinked protein to the GAS oUgonucleotide was carried out. 
NjdUTP substituted, '^P labeled GAS oligonucleotide was mixed witii extracts of 
fibroblasts which had been treated with IFN-7. The DNA complex was identified 
by gel retardation and autoradiography after which tiie gel was exposed to UV 

25 irradiation. The GAF shift band was cut out and subjected to SDS gel 

electrophoresis. A single band that migrated at 97 kD was observed. The protein 
in the oligonucleotide-protein complex therefore appeared to be in tiie -90 kD 
range, tiie same size range as one of the ISGF-3 proteins (7,12). 

30 Although it is known that IFN-a and IFN-7 induce factors that recognized 

different DNA binding sites, both ligands produce the anti-viral state and arrest 
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. no^ tn TSGF-3a proteins (the 113, anu 
p^teins^vaU^JbylFN . a, U,e po»ible effect of l» 

against segments of the y i ku p ^^„p„t of ISGF-3 and a 

• thP Ql and 84 kD protem component ot i:»ur 
to 703 which tecogmzes the 91 and V ^ 

10 and 113 kD proteins were also available. 

. -fi. TAF £d-shift complex was tesled, it was fo"»il ^ «■« 
When the specdic GAF gd sh« P ^ ^^^^ ^ 

.tUen,™ to the center secuon of ,^9 ^ ^ „ p«..ei„ 

,5 „Mcb does not rec„gn^« *e 84 » P ^ ^ 

Sel -P'- I ^ sbown). All of 

b, antlse. * " „KA and pattHpates in 

ftese eipetiments suggest that the 91 kDpiole. 

1 OAF gel-siOft complex while the o^et .SGF-3 P^tetns do not. 



20 



pvA^LE 6 



hiotinylated GAS ^^^^^'^ „as anal^ b, two- 

i„theGAFgel-sUftcompleK>eaffiBt,p«. 

of the OAF band was identified by autoradtogtaphy and the g 
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90°, and subjected to electrophoresis in an SDS acrylamide gel. After SDS 
polyacrylamide gel electrophoresis, the gel was electroblotted onto nitroceUulose 
and the constituent proteins tested with antiserum to the 91 kD protein by 
immunoblot analysis (ECL kit, Amersham). 

5 

The 91 kD protein was indeed found to be detected in the shift complex by the 
antiserum specific to the 91 kD protein. Rq)robing of the same blots with antisera 
against the 1 13 kD or the 48 kD proteins indicated that they were not present in 
the GAF shift complex (data not shown). In this experiment the initial DNA 
10 binding reaction was dependent on the GAS oligonucleotide; no gel shift complex 
was observed without the GAS oligonucleotide and no immunoreactive protein was 
recovered from the position of the gel-shift complex in parallel samples run 
without the DNA binding site. 

15 In an attempt to identify any other proteins in the GAF complex, cells were 

labeled with **S methionine for fourteen hours, extracts prepared and subjected to 
affinity purification using the biotinylated GAS oligonucleotide as described for 
Fig. 14C. "S labeled proteins eluted from the biotinylated oUgonucleotide 
complex were then used in a gel shift reaction containing '^P labeled GAS 

20 oligonucleotide to locate the GAF band by autoradiography as had been done 
earlier witii unlabeled proteins (Fig. 14D). A similar reaction was also run with 
antiserum to the 91 kD protein included in the binding reactions to block the GAF 
complex formation and the two reactions were analyzed in parallel. After locating 
the GAF complex, tiie two gel lanes were rotated 90° as described before and 

25 subjected to a second SDS gel electrophoresis to separate individual proteins 
according to size. 

Autoradiography showed a number of "S labeled proteins were recovered from 
both gel lanes tiiat were not in tiie position of the gel-shift complex, and only one 
30 distinctiy labeled protein, the 91 kD protein, was present in the region of the 
specific gel shift. Furthermore, the 91 kD protein was not present (in tiiat 
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postion) if treatment with the 91 kD antibody was carried out during complex 
formation. If the 113, 84 or 48 kD proteins or indeeed any other specific protein 
had l>een present in the GAF complex in amounts that would be near 
stoichiometric with the 91 kD protein, they should have been visualized since the 
5 treated cells had been labeled for 14 hours. Only if a protein lacked or had a very 
low methionine content would it not have been detected. Thus the experiments in 
Fig. 13 support the possibility that the 91 kD protein which can be cross-linked by 
UV irradiation to the GAF oligonucleotide, is the sole protein in the GAF 
complex. 

10 

EXAMPLE 7 

Translocation of the 91 kP protein to the nucleus after IFN-7 treatment 
Fluorescent antibody tests were next used to examine the cellular localization of 

15 the 113, 91 and 84 kD protems after IFN-7 treatment (Fig. 15). Antisera against 
the 113 kD protein showed a generalized cellular fluorescence with no reaction in 
the nucleus and no change after IFN-7 treatment (Fig. 14C, 14D). By contrast, 
antiserum specific for the COOH-terminal amino acids of the 91 kD protein that 
are not contained in the 84 kD protein, showed intense nuclear fluorescence within 

20 minutes of JFN-y treatment (Figs. 15A, 15B). 

Thus the 91 kD but not the 113 kD protein is promptly translocated to the nucleus 
after IFN-7 treatment, while all three proteins 113, 91 and 84 are translocated to 
the nucleus after IFN-a treatment (12,15). Without an antiserum specific to the 
25 84 kD protein which is entirely contained within the 91 kD protein, it cannot be 
determined by antiserum alone whether the 84 kD protein participates in INF-a 
activation, however as shown in Fig. 14, the 84 kD protein was not found in the 
GAF. 



30 



EXAMPLE 8 
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Evidence for phosphorylation in the activation of the 91 kP protein 
It was next determined to test the nature of any changes in the 91 kD protein after 
IFN-7 treatment by careful analysis of the migration of 91 kD protein both before 
and after treatment. First Western blots showed that IFN'7 treatment induced a 
5 slower migrating form of the 91 kD protein on SDS gel electrophoresis, while 
only the faster migrating form could be identified in untreated extracts (Fig. 16A). 
The presence of the slower migrating form of the 91 kD protein paralleled in time 
the presence of the GAF DNA binding activity (Fig. 16A and 13C) being maximal 
at 15 min. of treatment and gone by 2 hours of treatment. Only the slower 
10 migrating form could be detected in the affmity purified fraction of GAF 

indicating that only the slower migrating protein had high DNA binding affinity 
(Fig. I6B1. 

Phosphorylation would produce a slower electrophoretic migration, and therefore 
15 affinity purified GAF was treated with calf intestinal phosphatase, the samples 
were electrophoresed and thereafter assayed for the 91 kD protein by Western blot 
(Fig, 16B). The slower migrating form was converted to the faster migrating 
form by phosphatase treatment. Finally, an inhibitor of protein kinases, 
staurosporine, which blocks the IFN-a dependent phosphorylation of the 91 kD 
20 protein (15,19,20) was found to inhibit the IFN-7 induced phosphorylation. Both 
phosphatase treatment and staurosporine were found to block the GAF DNA 
binding activity (Fig. 16C). These data further support that the slower migrating 
form is the active form of GAF. It has also been found (data not shown) that 
staurosporine like H7 (8), another kinase inhibitor, will block the IFN-7 dependent 
25 transcription of the GBP gene. 

EXAMPLE 6 

IFN-7 dependent ^^P tyrosine phosphorylation in 91 kP protein 
30 Direct testing was next conducted for IFN-7-dependent phosphorylation of the 91 
kD protein. Cells were labeled witii ^^P04 and treated with IFN-7. Extracts were 
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prepared and precipitated with a 91 kD antiserum, and immunoprecipitates were 
analyzed on SDS PAGE (Fig. 17 A). There was indeed an IFN-7 dependent ^^p 
labeling of a 91 kD antiserum precipitable band. The electrophoretic migration of 
the ^^P labeled band corresponded to the slower migrating form of ^^S labeled 91 
5 kD immunoprecipitate, while the band from untreated cells corresponded to the 
faster migrating form. 

The ^^P labeled bands were recovered and cleaved by thermolysin treatment under 
conditions that yield small peptides. A fraction of each sample was used for 
10 phosphoamino acid analysis. While phosphotyrosine could not be detected in 
untreated cells, phosphotyrosine was strongly labeled in IFN-7 treated cells (Fig. 
17B). Similar analyses were carried out with 113 kD protein and no 
phosphotyrosine was induced in that protein in response to IFN-7 (data not 
shown). 

15 

To further characterize the phosphorylation of 91 kD protein two-dimensional 
peptide mapping of thermolysin digests was performed. One very highly labeled 
phosphopeptide, X, detected only in IFN-7 treated cells and three less highly 
labeled phosphopeptides, a, b and c, detected in both treated and untreated cells, 
20 were observed (Fig. 18A, 18E). Each phosphopeptide was eluted and subjected to 
phosphoamino acid analysis. Only phosphotyrosine could be detected in peptide X 
while peptides a, b and c were found to contain only phosphoserine. 

To confirm that tyrosine phosphorylation is a cytoplasmic event, 91 kD protein 
25 was immunoprecipitated from cytoplasmic extracts of cells that had been with 
IFN-y for only 3 min. The same phosphotyrosine containing peptide X was 
detected by thermolysin peptide mapping of cytoplasmic fractions (Fig. 18D). 
Staurosporine, the protein kinase inhibitor, was found to inhibit IFN-7 induced 
phosphorylation in the 91 kD protein (Fig. 17A). Peptide mapping indicated that 
30 this inhibition was specifically on peptide X that bears the IFN-y dependent 
tyrosine phosphate (Fig. 18B). Taken together with tiie fact that staurosporine 
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blcxrks the GAF DNA binding activity (Fig. 16C), it was concluded that the IFN-7 
induced tyrosine phosphorylation on the 91 kD protein is required for the protein 
to bind to the GAS sequence and to activate transcription. 

5 DISCUSSION 

As mentioned earlier, the observation and conclusion underlying the present 
invention were crystallized from a consideration of the results of certain 
investigations with particular stimuli. Particularly, the present disclosure is 
10 illustrated by the results of work on protein factors that govern transcriptional 
control of IFNa-stimulated genes, as well as more recent data on the regulation of 
transcription of genes stimulated by IFN7. 

For example, the above represents evidence that the 91 kD protein is the tyrosine 
15 kinase target when IFNy is the ligand. Thus two different ligands acting through 
two different receptors both use these family members. With only a modest 
number of family members and combinatorial use in response to different ligands, 
this family of proteins becomes an even more likely possibility to represent a 
general link between ligand-occupied receptors and transcriptional control of 
20 specific genes in the nucleus. 

It is proposed that other members of the 113-91 protein family will be identified as 
phosphorylation targets in response to other ligands. If as is believed, the tyrosine 
phosphorylation site on proteins in this family is conserved, one can then easily 

25 determine which family members are activated (phosphorylated), and likewise the 
particular extracellular polypeptide ligand to which that family member is 
responding. The modifications of these proteins (phosphorylation and 
dephosphorylation) enables the preparation and use of assays for determining the 
effectiveness of pharmaceuticals in potentiating or preventing intracellular 

30 responses to various polypeptides, and such assays are accordingly contemplated 
within the scope of the present invention. 
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Earlier work has concluded that DNA binding protan was activated in the cell 
cytoplasm in response to IFN-7 treatmrait and that this protein stimulated 
transcription of the GBP gene (10,14). In the present work, with the aid of 
antisera to proteins originally studied in connection with IFN-a gene stimulation 

5 (7,12,15), the 91 kD ISGF-3 protein has been assigned a prominent role in IFN-y 
gene stimulation as well. The evidence for this conclusion included: 1) antisera 
specific to the 91 kD protein affected the IFN-7 dq)endent gel-shift complex, and 
2) A 91 kD protein could be cross-Unked to the GAS IFN-7 activated site. 3) A 
"S-labeled 91 kD protein and a 911cD immunoreacUve protein specifically purified 

10 with the gel-shift complex. 4) The 91 kD protein is an IFN-y dependcait tyrosine 
kinase substrate as indeed it had earlier proved to be in response to IFN-a (15). 
5) The 91 kD protein but not the 113 kD protein moved to the nucleus in response 
to IFN-7 treatment. None of these expmments prove but do strongly suggest that 
the same 91 kD protein acts dififerentty in different DNA binding complexes that 

15 are triggered by either IFN-a or IFN-7. 

These results strongly support the hypothesis originated from studies on IFN-a that 
polypeptide cell surface receptors report their occupation by extracellular ligand to 
latent cytoplasmic proteins that after activation move to the nucleus to trigger 

20 transcription (4,15,21). Furthermore, because cytoplasmic phosphorylation and 
factor activation is so rapid it appears likely that the functional receptor complexes 
contain tyrosine kinase activity. Since the WN-y receptor chain that has been 
cloned thus far (22) has no hint of possessing intrinsic kinase activity, perhaps 
some other molecule with tyrosine kinase activity couples with the IFN-7 receptor. 

25 Two recent results with other receptors suggest possible parallels to the situation 
with the IFN receptors. The trk protein which has an intracellular tyrosine kinase 
domain, associates with the NGF receptor when that receptor is occupied ^3). In 
addition, the Ick protein, a member of the src family of tyrosine kinases, is 
co-precipitated with the T ceU receptor (24). It is possible to predict that signal 

30 transduction to the nucleus through these two receptors could involve latent 
cytoplasmic substrates that form part of activated transcription factors. In any 
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event, it seems possible that there are kinases like trk or Ick associated with the 
IFN-7 receptor or with IFN-a receptor. 

With regard to the effect of phosphorylation on the 91 kD protein, it was 
5 something of a surprise that after IFN-7 treatment the 91 kD protein becomes a 
DNA binding protein. Its role must be different in response to IFN-a treatment. 
There it is also phosphorylated on tyrosine and joins a complex with the 113 and 
84 kD proteins but as judged by UV cross-linking studies (7), the 91 kD protein 
does not contact DNA. 

10 

In addition to becoming a DNA binding protein it is clear that the 91 kD protein is 
specifically translocated the nucleus in the wake of IFN-7 stimulation. While the 
present work strongly implicates the 91 kD protein as important in die immediate 
IFN-7 transcriptional response of the GBP gene, two points should also be clear. 

15 First, it is not known whether the 91 kD protein acts on its own to activate 
transcription. Second, it is not known how widely used the 91 kD protein is in 
the immediate IFN-7 transcriptional response. Only a few genes have been 
studied that are activated immediately by IFN-7 witiiout new protein synthesis. It 
is at present uncertain whether activation of these genes operates tiirough the 91 

20 kD binding site. 

Proof of the model that the 91 kD protein recognizes die liganded receptor 
demands proof of association with and/or phosphorylation by a membrane- 
associated recq)tor complex. To that end antibodies against the IFN-7 receptor 

25 chain have been prepared and attempts are underway to test this proposal. Since 
any potential substrate molecule would not be expected to dwell long at an 
activation site, it is not expected that most of the 91 kD protein will be associated 
with receptor complexes at any one time. Membrane associated kinase activity 
diat is active at a critical site in the 91 kD protein, also yet to be definitely 

30 determined, could be the earliest indication that Uie proposal is correct. 
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to the experimental procedures and discussions. The references are numbered to 
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This invention may be embodied in other forms or carried out in other ways 
without drafting from the spirit or essential characteristics thereof. The present 
25 disclosure is tiierefore to be considered as in all respects illustrative and not 

restrictive, the scope of Uie invention being indicated by tiie appended Claims, and 
all changes which come within the meaning and range of equivalency are intended 
to be embraced therein. 
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WHAT IS CLAIMED IS : 



1 1. A receptor recognition factor implicated in the transcriptional stimulation of 

2 genes in target cells in response to the binding of a specific polypeptide ligand to 

3 its cellular receptor on said target cell, said recq)tor recognition factor having the 

4 following characteristics: 

5 a) apparent direct interaction with the ligand-bound receptor and 

6 activation of one or more transcription factors capable of binding with a specific 

7 gene; 

8 b) an activity demonstrably unaffected by the presence or concentration 

9 of second messengers; 

10 c) direct interaction with tyrosine kinase domains; and 

11 d) a perceived absence of interaction with G-proteins, 

1 2. The receptor recognition factor of Claim 1, having the following 

2 characteristics: 

3 a) It interacts with an interferon-7-bound receptor kinase complex; 

4 b) It is a tyrosine kinase substrate; and 

5 c) When phosphorylated, it serves as a DNA binding protein. 

1 3. The receptor recognition factor of Claim 2 further characterized in that: 

2 d) Intcrferon-7-^ependent activation of said factor occurs without new 

3 protein synthesis; and 

4 e) Activation of said factor appears within minutes of interferon-7 

5 treatment, achieves maximum extent between 15 and 30 minutes thereafter, and 

6 then disappears after 2-3 hours. 

1 4. The receptor recognition factor of Claim 1 which is proteinaceous in 

2 composition. 

1 5. The receptor recognition factor of Claim 1 which is cytoplasmic in origin. 
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1 6. The receptor recognition factor of Claim 1 which is derived from 

2 mammalian cells. 

1 7. The receptor recognition fector of Claim I labeled with a detectable label. 

1 8. The receptor recognition factor of Claim 7 wherein the label is selected 

2 from enzymes, chemicals which fluoresce and radioactive elements. 

1 9. An antibody to a recq>tor recognition factor, the factor to which said 

2 antibody is raised having the following characteristics: 

3 a) apparent direct interaction with the ligand-bound receptor and 

4 activation of one or more transcription factors capable of binding with a specific 

5 gene; 

6 b) an activity demonstrably unaffected by the presence or concentration 

7 of second messengers; and 

8 c) direct interaction with tyrosine kinase domains; and 

9 d) a perceived absence of interaction witfi G-proteins. 

1 10. The antibody of Claim 9, wherein said receptor recognition factor has the 

2 following characteristics: 

3 a) It interacts with an interferon-7-bound receptor kinase complex; 

4 b) It is a tyrosine kinase substrate; and 

5 c) When phosphorylated, it serves as a DNA binding protein. 

1 11. The antibody of Claim 10, wherein said receptor recognition factor is 

2 further characterized in that: 

3 d) Interferon-7-dependent activation of said factor occurs without new 

4 protein synthesis; and 

5 e) Activation of said factor appears within minutes of interferon-7 

6 treatment, achieves maximum extent between 15 and 30 minutes thereafter, and 

7 then disappears after 2-3 hours. 
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The antibody of Claim 9 comprising a polyclonal antibody. 



1 13. The antibody of Claim 9 comprising a monoclonal antibody. 

1 14. An immortal cell line that produces a monoclonal antibody according to 

• 2 Claim 13. 

1 15. The antibody of Claim 9 labeled with a detectable label. 

1 16. The antibody of Claim 15 wherein the label is selected from enzymes, 

2 chemicals which fluoresce and radioactive elements. 



1 17. A DNA sequence or degenerate variant thereof, which encodes a receptor 

2 recognition factor, or a fragment thereof, selected from the group consisting of: 

3 (A) the DNA sequence of FIGURE 1; 

4 (B) the DNA sequence of FIGURE 2; 

5 (C) the DNA sequence of FIGURE 3 ; 

6 (D) DNA sequences that hybridize to any of the foregoing DNA 

7 sequences under standard hybridization conditions; and 

8 (E) DNA sequences that code on expression for an amino acid sequence 

9 encoded by any of the foregoing DNA sequences. 



118. A recombinant DNA molecule comprising a DNA sequence or degenerate 

2 variant thereof, which encodes a receptor recognition factor, or a fragment 

3 thereof, selected from the group consisting of: 

4 (A) the DNA sequence of FIGURE 1 ; 

5 (B) the DNA sequence of FIGURE 2; 

6 (C) the DNA sequence of FIGURE 3; 

7 (D) DNA sequences that hybridize to any of the foregoing DNA 

8 sequences under standard hybridization conditions; and 
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9 (E) DNA sequences that code on expression for an amino acid sequence 
10 encoded by any of the foregoing DNA sequences. 

1 19. The recombinant DNA molecule of either of Claims 17 or 18, wherein said 

2 DNA sequence is operatively linked to an expression control sequence. 

1 20. The recombinant DNA molecule of Claim 19, wherein said expression 

2 control sequence is selected from the group consisting of the early or late 

3 promoters of SV40, CMV, vaccinia, polyoma or adenovirus, the lac system, the 

4 trp system, the TAC system, the TRC system, the LTR system, the major operator 

5 and promoter regions of phage X, the control regions of fd coat protein, the 

6 promoter for 3-phosphoglycerate kinase, the promoters of acid phosphatase and the 

7 promoters of the yeast a-mating factors. 

1 21. A probe capable of screening for the receptor recognition factor in alternate 

2 species prepared from the DNA sequence of Claim 17. 

1 22. A unicellular host transformed with a recombinant DNA molecule 

2 comprising a DNA sequence or degenerate variant thereof, which encodes a 

3 receptor recognition factor, or a fragment thereof, selected from the group 

4 consistmg of: 

5 (A) the DNA sequence of FIGURE 1; 

6 (B) the DNA sequence of FIGURE 2; 

7 (C) the DNA sequence of FIGURE 3; 

8 (D) DNA sequences that hybridize to any of the foregoing DNA 

9 sequences under standard hybridization conditions; and 

10 (E) DNA sequences that code on expression for an amino acid sequence 

1 1 encoded by any of the foregoing DNA sequences; 

12 wherein said DNA sequence is operatively Unked to an expression control 

13 sequence. 
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1 23. The unicellular host of Claim 22 wherein the unicellular host is selected 

2 from the group consisting of E. coli, Pseudomonas, Bacillus, Streptomyces, yeasts, 

3 CHO, Rl.l, B-W. L-M. COS 1, COS 7, BSCl, BSC40, and EMTIO ceUs. plant 

4 cells, insect ceUs, and human ceUs in tissue culture. 

1 24. A method for measuring the presence of a receptor recognition factor, said 

2 receptor recognition factor having the following characteristics: apparent direct 

3 interaction with the Ugand-bound receptor and activation of one or more 

4 transcription factors capable of binding with a specific gene; an activity 

5 demonstrably unaffected by the presence or concentration of second messengers; 

6 direct interaction with tyrosine kinase domains; and a perceived absence of 

7 interaction with G-proteins, wherein said receptor recognition factor is measured 

8 by: 

9 A. preparing at least one sample of said receptor recognition 

10 factor; 

^ B. preparing at least one corresponding antibody or binding 

12 partner directed to said receptor recognition factor samples; 

j3 c. placing a detectible label on a material selected from die 

14 group consisting of said receptor recognition factor samples and said antibody or 

15 binding partners thereto; 

D. immobUizing a material selected from tiie group consisting of 

17 the material from Step C that is not labeled, and a biological sample from a 

18 mammal in which the presence and/or activity of said receptor recognition factor 

19 is suspected, on a suitable substiate; 

20 E. placing the labeled material from Step C in contact witii said 

21 biological sample, and in contact wiUi Uie immobilized material; 

22 F. separating the material from Step C that is bound to said 

23 immobilized material from material from Step C not bound to said immobilized 

24 material; and 

25 G. examining said bound material for the presence of said 

26 labeled material. 
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1 25. The method of Claim 24, wherein said receptor recognition factor has the 

2 following characteristics: 

3 a) It interacts with an interferon-7-bound receptor kinase complex; 

4 b) It is a tyrosine kinase substrate; and 

5 c) When phosphorylated, it serves as a DNA binding protein. 

1 26. The method of Claim 25, wherein said receptor recognition factor is fiirther 

2 characterized in that: 

3 d) Interferon-7-dependent activation of said factor occurs witiiout new 

4 protein synthesis; and 

5 e) Activation of said factor appears within minutes of interferon-7 

6 treattnent, achieves maximum extent between 15 and 30 minutes thereafter, and 

7 thai disappears after 2-3 hours. 

1 27. The metiiod of Claim 24 comprising a metiiod for measuring tiie presence 

2 and activity of a polypeptide Ugand associated with a given invasive stimulus in 

3 mammals. 

1 28. The metiiod of Claim 27 wherein said invasive stimulus is an infection. 

1 29. The metiiod of Claim 28 wherein said invasive stimulus is selected from 

2 tiie group consisting of viral infection, protozoan infection, tumorous mammalian 

3 cells, and toxins. 

1 30. The method of Claim 24 comprising a method for determining die presence 

2 of invasive or idiopatiiic stimuli in mammals. 

1 31 . A metiiod for measuring the binding sites for a receptor recognition factor, 

2 said receptor recognition factor having the following characteristics: 
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3 apparent direct interaction with the ligand-bound receptor and activation of 

4 one or more transcription factors capable of binding with a specific gene; 

5 an activity demonstrably unaffected by the presence or concentration of 

6 second messengers; 

7 direct interaction with tyrosine kinase domains; and 

8 a perceived absence of interaction with G-proteins; wherein the binding 

9 sites for said receptor recognition factor are measured by: 

10 A. providing at least one sample of said receptor recognition 

1 1 factor; 

12 B. placing a detectible label on said receptor recognition factor 

13 sample; 

14 c. placing the labeled receptor recognition factor sample in 

15 contact with a biological sample from a mammal in which binding sites for said 

16 receptor recognition factor are suspected; 

17 D. examining said biological sample in binding studies for the 

18 presence of said labeled receptor recognition factor. 



1 32. A method of testing the ability of a drug or other entity to modulate die 

2 activity of a receptor recognition factor which comprises culturing a colony of test 

3 cells which has a receptor for the receptor recognition factor in a growtii medium 

4 containing the receptor recognition factor, adding die drug under test and 

5 tfiereafter measuring the reactivity of said receptor recognition factor with tiie 

6 receptor on said colony of test cells, said receptor recognition factor having the 

7 following characteristics: 

8 a) apparent direct interaction with the ligand-bound receptor and 

9 activation of one or more transcription factors capable of binding with a specific 

10 gene; 

11 b) an activity demonstrably unaffected by the presence or concentration 

12 of second messengers; 

13 c) direct interaction with tyrosine kinase domains; and 

14 d) a perceived absence of interaction with G-proteins. 
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1 33. The method of either of Claims 31 or 32, wherein said receptor recognition 

2 factor has the following characteristics: 

3 a) It interacts with an interferon-7-bound recq)tor kinase complex; 

4 b) It is a tyrosine kinase substrate; and 

5 c) When phosphorylated, it serves as a DNA binding protein. 

1 34. The method of Claim 33, wherein said receptor recognition factor is further 

2 characterized in that: 

3 d) Interferon-7-dependent activation of said factor occurs without new 

4 protein synthesis; and 

5 e) Activation of said factor appeals within minutes of interferon-7 

6 treatment, achieves maximum extent between 15 and 30 minutes thereafter, and 

7 then disappears after 2-3 hours. 

1 35. An assay system for screening drugs and other agents for abiUty to 

2 modulate the production of a receptor recognition factor, comprising an observable 

3 ceUular test colony inoculated with a drug or agent, and yielding a resulting 

4 supernatant, said supernatant tiien to be examined for the presence of said rec^tor 

5 recognition factor, said receptor recognition factor having tiie foUowing 

6 characteristics: 

7 a) apparent direct interaction witii tiie ligand-bound receptor and 

8 activation of one or more tianscription factors capable of binding witfi a specific 

9 gene; 
10 



b) an activity demonstrably unaffected by the presence or concenti-ation 

11 of second messengers; 

12 c) direct interaction witii tyrosine kinase domains; and 

13 d) a perceived absence of interaction with G-proteins. 

1 36. The assay system of Claim 35, wherein said receptor recognition factor has 

2 tiie following characteristics: 
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3 a) It interacts with an interferon -y-bound receptor kinase complex; 

4 b) It is a tyrosine kinase substrate; and 

5 c) When phosphorylated, it serves as a DNA binding protein. 

1 37, The assay system of Claim 36, wherein said receptor recognition factor is 

2 further characterized in that: 

3 d) Interferon-y-dependent activation of said factor occurs without new 

4 protein synthesis; and 

5 e) Activation of said factor appears within minutes of interferon-7 

6 treatment, achieves maximum extent between 15 and 30 minutes thereafter, and 

7 then disappears after 2-3 hours. 

1 38. A test kit for the demonstration of a receptor recognition factor in a 

2 eukaryotic cellular sample, comprising: 

3 A. a predetermined amount of at least one labeled 

4 immunochemically reactive component obtained by the direct or indirect 

5 attachment of said receptor recognition factor or a specific binding partner thereto, 

6 to a detectable label, said receptor recognition factor having the following 

7 characteristics: apparent direct interaction with the ligand-bound receptor and 

8 activation of one or more transcription factors capable of binding with a specific 

9 gene; an activity demonstrably unaffected by the presence or concentration of 

10 second messengers; direct interaction with tyrosine kinase domains; and a 

11 perceived absence of interaction with G-proteins; 

12 B, other reagents; and 

13 C. directions for use of said kit. 

1 39. The test kit of Claim 38, wherein said receptor recognition factor has the 

2 following characteristics: 

3 a) It interacts with an interferon-7-bound receptor kinase complex; 

4 b) It is a tyrosine kinase substrate; and 

5 c) When phosphorylated, it serves as a DNA binding protein. 
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1 40. The test kit of Claim 39, wherem said receptor recognition fector is further 

2 characterized in that: 

3 d) Interferon-7-dependent activation of said fector occurs without new 

4 protein synthesis; and 

5 e) Activation of said factor appears within minutes of interferon-7 

6 treatment, achieves maximum extent between 15 and 30 minutes thereafter, and 

7 then disappears after 2-3 hours. 

141. The test kit of any of Claims 38-40, wherein said labeled 

2 immunochemically reactive component is selected from the group consisting of 

3 polyclonal antibodies to the receptor recognition factor, monoclonal antibodies to 

4 tiie rec^tor recognition factor, fragments tiiereof, and mixtures thereof. 

1 42. A method of preventing and/or treating cellular debilitations, derangements 

2 and/or dysfunctions and/or other disease states in mammals, comprising 

3 administering to a mammal a tiierapeutically effective amount of a material 

4 selected from the group consisting of a receptor recognition factor, an agent 

5 capable of promoting the production and/or activity of said receptor recognition 

6 factor, an agent capable of mimicking die activity of said receptor recognition 

7 factor, an agent capable of inhibiting tiie production and/or activity of said 

8 receptor recognition fector, and mixtiires tiiereof, or a specific binding partner 

9 thereto, said receptor recognition factor having the following characteristics: 

10 a) apparent direct interaction with tiie ligand-bound receptor and 

1 1 activation of one or more transcription factors capable of binding with a specific 

12 gene; 

13 b) an activity demonstrably unaffected by tiie presence or concenti:ation 

14 of second messengers; 

15 c) direct interaction witii tyrosine kinase domains; and 

16 d) a perceived absence of interaction with G-proteins. 
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1 43. The method of Claim 42, wherein said receptor recognition factor has the 

2 following characteristics: 

3 a) It interacts with an interferon-7-bound receptor kinase complex; 

4 b) It is a tyrosine kinase substrate; and 

5 c) When phosphorylated, it serves as a DNA binding protein. 

1 44. The method of Claim 43, wherein said receptor recognition factor is further 

2 characterized in that; 

3 d) Interferon-7-dependent activation of said factor occurs without new 

4 protein synthesis; and 

5 e) Activation of said factor appears within minutes of interferon-7 

6 treatment, achieves maximum extent between 15 and 30 minutes thereafter, and 

7 then disappears after 2-3 hours. 

1 45. The method of Claim 42 wherein said disease states include chronic viral 

2 hepatitis, hairy cell leukemia, and tumorous conditions. 

1 46. The method of Claim 42 wherein said receptor recognition factor is 

2 administered to modulate die course of therapy where interferon is being 

3 administered as the primary tiierapeutic agent. 

1 47. The method of Claim 42 wherein said agent is administered to modulate tiie 

2 course of therapy where interferon is being administered as the primary 

3 therapeutic agent. 

1 48. The method of Claim 42 wherein said receptor recognition factor is 

2 administered to modulate the course of therapy where interferon is being co- 

3 administered with one or more additional therapeutic agents. 
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1 49. The method of Claim 42 wherein said agent is administered to modulate the 

2 course of therapy where interferon is being co-administered with one or more 

3 additional therapeutic agents. 

1 50, A pharmaceutical composition for the treatment of cellular debilitation, 

2 derangement and/or dysfunction in mammals, comprising: 

3 A. a therapeutically effective amount of a material selected from 

4 the group consisting of a receptor recognition factor, an agent capable of 

5 promoting the production and/or activity of said receptor recognition factor, an 

6 agent capable of mimicking the activity of said receptor recognition factor, an 

7 agent capable of inhibiting the production and/or activity of said receptor 

8 recognition factor, and mixtures thereof, or a specific binding partner thereto, said 

9 receptor recognition factor having tiie following characteristics: apparent direct 

10 interaction with tiie Ugand-bound receptor and activation of one or more 

1 1 transcription fectors capable of binding witii a specific gene; an activity 

12 demonstrably unaffected by the presence or concentration of second messengers; 

13 direct interaction witii tyrosine kinase domains; and a perceived absence of 

14 interaction witii G-proteins; and 

15 B. a pharmaceutically acceptable carrier. 

1 51. The pharmaceutical composition of Qaim 50, wherein said receptor 

2 recognition factor has tiie following characteristics: 

3 a) It interacts witii an interferon-7-bound receptor kinase complex; 

4 b) It is a tyrosine kinase substrate; and 

5 c) When phosphorylated, it serves as a DNA binding protein. 

1 52. The pharmaceutical composition of Claim 51, wherein said receptor 

2 recognition factor is further characterized in that: 

3 d) Interferon-7-dependent activation of said factor occurs witiiout new 

4 protein synthesis; and 
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5 e) Activation of said factor appears within minutes of interferon-7 

6 treatment, achieves maximum extent between 15 and 30 minutes thereafter, and 

7 then disappears after 2-3 hours. 

1 53. A receptor recognition factor implicated in the transcriptional stimulation of 

2 genes in target cells in response to the binding of a specific polypeptide ligand to 

3 its cellular receptor on said target cell, said receptor recognition factor having the 

4 foUowing properties: 

5 a) it is present in cytoplasm; 

6 b) it undergoes tyrosine phosphorylation upon treatment of cells with 

7 IFNa; 

8 c) it activates transcription of an interferon stimulated gene; 

9 d) it stimulates either an ISRE-dependent or a gamma activated site 

10 (GAS)-dependent transcription in vivo\ 

11 e) it interacts with IFNa cellular receptors, and 

12 f) it undergoes nuclear translocation upon stimulation of the IFN cellular 

13 receptors with IFNa. 

1 54. A receptor recognition factor implicated in the transcriptional stimulation of 

2 genes in target cells in response to the binding of an interferon or interferon- 

3 related polypeptide Ugand to its cellular receptor on said target cell, said receptor 

4 recognition factor having the following properties: 

5 a) it is present in vivo in mammalian cytoplasm before activation of 

6 cellular IFN receptors; 

7 b) it contains tyrosine sites that are phosphorylated in response to IFN 

8 stimulation of IFN receptors; 

9 c) it has a molecular weight selected from the group consisting of 48 kD, 

10 84 kD, 91 kD and 113 kD, and 

1 1 d) when phosphorylated, it recognizes an ISRE in the cell nucleus. 
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1 55. The receptor recognition factor of either of Claims 53 or 54 in 

2 phosphorylated form. 



1 



1 



56. An antibody which recognizes a phosphorylated ISGF3 polypeptide or a 



2 fragment thereof in phosphorylated form. 

1 57. An antibody produced by injecting a substantially immunocompetent host 

2 with an antibody-producing effective amount of an ISGF3 polypeptide, and 

3 harvesting said antibody, said ISGF3 polypeptide having the following properties: 

4 a) it has a molecular weight of about 48 kD, 84 kD, 91 kD or 113 kD; 

5 b) it can be isolated from mammalian cytoplasm; 

6 c) it contains tyrosine residues tiiat are subject to pliosphorylation in vivo 

7 upon treatinent of cells witii IFNa; 

8 d) it can activate transcription of an interferon stimulated gene in vivo; 

9 e) it can stimulate ISRE-dependent transcription in vivo; 

10 f) it can interact witii IFNa cellular receptors, and 

11 g) it can undergo nuclear translocation upon stimulation of IFN cellular 

12 receptors with IFNa. 

1 58. The antibody of either of Claims 56 or 57 which is monoclonal. 

1 59. The antibody of eitiier of Claims 56 or 57 which is polyclonal. 

1 60. A recombinant virus transformed with tiie DNA molecule, or a derivative 

2 or fragment thereof, in accordance with Claim 17. 



61. A recombinant virus transformed with die DNA molecule, or a derivative 



2 or fragment tiiereof, in accordance with Claim 18. 



1 62. A metiiod of enhancing the activity of IFNa and/or IFN7 in a mammal i 

2 need of such treatment, comprising administering to said mammal an effective 
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3 amount of a compound which (a) enhances the phosphorylation of the receptor 

4 recognition factor of Claim 1, or (b) inhibits the activity of a phosphatase enzyme 

5 which would otherwise reduce the level of phosphorylated receptor recognition 

6 factor. 

1 63. A method of treating (a) chronic viral hepatitis or (b) hairy ceU leukemia, 

2 in a mammal in need of such treatment, comprising administering to said mammal 

3 an effective amount of a compound which (a) enhances the phosphorylation of the 

4 receptor recognition factor of Claim 1 , or (b) decreases the level of phosphate 

5 removal from phosphorylated receptor recognition factor. 

1 64. The method of Claim 62 wherein the activity of exogenous IFNa and/or 

2 IFN7 is enhanced. 

1 65. The method of Claim 62 wherein the activity of endogenous IFNa and/or 

2 IFN7 is enhanced. 

1 66. The method of Claim 64 wherein the compound and IFNa and/or IFN7 are 

2 administered concurrently to tne mammal in need of such treatment. 

1 67. A method of determining the interferon-related pharmacological activity of 

2 a compound comprising: 

3 administering tiie compound to a mammal; 

4 determining the level of phosphorylated receptor recognition factor present; 

5 and 

6 comparing the level of receptor recognition factor-phosphate to a standard. 

1 68. In a method of treating hepatitis or leukemia in a mammal, wherein IFN7 

2 is administered in an amount effective for treating such hepatitis or leukemia, the 

3 improvement comprising administering to said mammal a receptor recognition 
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4 factor of Claim 1 or a derivative thereof in an amount effective for enhancing the 

5 activity of said IFN7. 

1 69. A method of determining the interferoti-related pharmacological activity of 

2 a compound comprising: 

3 administering the compound to a mammal; 

4 determining ttie level of phosphorylated ISGF3 proteins present; and 

5 comparing tiic level of ISGF3 protem-phosphate to a standard. 

1 70. In a metiiod of treating hepatitis or leukemia in a mammal, wherein EFNa 

2 is administered in an amount effective for treating such hepatitis or leukemia, die 

3 improvement comprismg administering to said mammal an ISGF3 protein or a 

4 derivative thereof in an amount effective for enhancing tiie activity of said IFN«. 

1 71 . The method of Claim 70 wherein a derivative of said ISGF3 protein is 

2 administered. 

1 72. The metiiod of Claim 71, wherein said ISGF3 protein has a molecular 

2 weight of about 48 kD, 84 kD, 91 kD or 113 kD. 

1 73. The metiiod of Claim 71 wherein tiie derivative is a phosphorylated ISGF3 

2 protein. 

1 74. The recombinant DNA molecule of Claim 18 comprising plasnud pGEX- 

2 3X, clone E3 or plasmid pGEX-3X, clone E4. 

1 75. An antisense nucleic acid against a receptor recognition factor mRNA 

2 comprising a nucleic acid sequence hybridizing to said mRNA. 



1 76. The antisense nucleic acid of Claim 75 comprising RNA. 
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1 77. The antisense nucleic acid of Claim 75 comprising DNA. 

1 78. The antisense nucleic acid of Claim 75 which binds to the initiation codon 

2 of any of said mRNAs. 

1 79. A recombinant DNA molecule having a DNA sequence which, on 

2 transcription, produces an antisense ribonucleic acid against a receptor recognition 

3 factor mRNA, said antisense ribonucleic acid comprising an nucleic acid sequence 

4 hybridizing to said mRNA. 

1 80. A receptor recognition factor-producing cell line transfected with a 

2 recombinant DNA molecule having a DNA sequence which, on transcription, 

3 produces an antisense ribonucleic acid against a receptor recognition factor 

4 mRNA, said antisaise ribonucleic acid comprising an nucleic acid sequence 

5 hybridizing to said mRNA. 

1 81. A method for creating a cell line which exhibits reduced expression of a 

2 receptor recognition factor, comprising transfecting a recognition factor-producing 

3 cell line with a recombinant DNA molecule having a DNA sequence which, on 

4 transcription, produces an antisense ribonucleic acid against a receptor recognition 

5 factor mRNA, said antisense ribonucleic acid comprising an nucleic acid sequence 

6 hybridizing to said mRNA. 

1 82. A ribozyme that cleaves receptor recognition factor mRNA. 

1 83. The ribozyme of Claim 82 further comprising a Tetrahymena-typ& 

2 ribozyme. 

1 84. The ribozyme of Claim 82 further comprising a Hammerhead-type 

2 ribozyme. 
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1 85. A recombinant DNA molecule having a DNA sequence which, upon 

2 transcription, produces a ribozyme that cleaves receptor recognition factor mRNA. 

1 86. A receptor recognition fector-producing cell line transfected with a 

2 recombinant DNA molecule having a DNA sequence which, upon transcription, 

3 produces a ribozyme that cleaves receptor recognition factor mRNA. 

1 87. A method for creating a cell line which exhibits reduced expression of a 

2 receptor recognition factor, comprising transfecting a recognition factor-producing 

3 cell line with a recombinant DNA molecule that produces on transcription a 

4 ribozyme that cleaves receptor recognition factor mRNA. 
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met ala gin trp glu met leu gin 
ACTGCAACCCTAATCAGAGCCCAA ATG GCG CAG TGG GAA ATG CTG CAG 

10 20 . 

leu asD ser pro phe gin asp gin leu his gin leu' tyr ser 
.C?? Ill aIc III ?TT CAG GAT CAG CTG CAC CAG CTT TAC TCG 

30 / 
1,4.. cei- leu t>ro val asp ile arg gin tyr leu 'ala val trp 
cil III C?S.C?G. CC?.G?G GA? ATT. CGA CAG TAC TTG GCT. GTC TGG 



40 



50 



ile alu asp aln asn trp gin glu ala ala leu gly ser asp asp 
AT? SJc CaS Lc TGG CAG. -GAA GCT GCA CTT GGG. AGT GAT GAT . 

60 , 
ser Ivs ala thr met leu phe phe his phe leu asp gin leu asn. 
ill AAG GC? Ill ATG CTA TTG TTC CAC TTC TTG GAT CAG CTG AAC 

70 

tvr qlu cys gly arg cys ser gin asp/ pro glu ser leu leu leu 
TAT GAG.TGT GGC CGT TGC AGC CAG GAC CCA GAG. TCC TTG TTG CTG 

filn his asn leu arg lys phe cyslarg asp ile gin pro phe ser 
CAG cll T?6 CGG AAA TTC TGC CGG^GAC ATT CAG CCC TTT TCC 

100 • '^^^ 

aln asD pro thr gin leu ala \ glu met ile phe asn leu leu leu 
?iS Sa? CC? ACC CAG TTG GCT. GAG ATG.ATC TTT AAC CTC CTT CTG 

120 

alu olu lv3 arg ile leu ile gin ala gin arg ala gin leu glu 
G^^ 111 ^A^ AGA ATT TTg|.ATC CAG GCT CAG AGO GCC CAA TTG GAA 

130 '^'^^ 
aln alv glu pro val leu glu thr pro val glu ser gin gin his 
CM GGA GAG CCA GTT.CTCGAA ACA CCT GTG GAG AGC CAG CAA CAT 

150 

niii ilP alu ser /arg ile leu asp leu arg ala met met glu lys 
G^G G^ ?S'CGG ATC CTG GA? TTA AGO GCT ATG ATG GAG AAG 

160 ^''^ 
ipn val Ivs-ser ile ser gin leu lys asp gin gin asp val phe 
C?G G?A.iAi'?Sd AT? AGC CAA CTG AAA GAC CAG CAG GAT GTC TTC 

IBO 
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CVS phelarg tyr lys ile gin ala lys gly lys thr pro ser leu 
TGC TTC CGA TAT AAG ATC CAG GCC AAA GGG AAG ACA CCC TCT CTG 

190 

asD loro his qln thr lys glu gin lys ile leu gin glu thr leu .: 
§Ac|cC? CAT CAG ACC AAA GAG CAG AAG ATT CTG CAG GAA ACT CTC 

210 f' 
asn alu leu asp lys arg arg lys glu val leu asp ala serUys 
S GPI CTG IaC aL AGG AGA AAG GAG GTG CTG GAT GCC TCC .AAA. 

220 

ala leu leu alv arg leu thr thr leu ile glu leu leu leu pro 
. GCA C?G C?A GGC CGA TTA ACT ACC CTA ATC GAG CTA CTG CTG CCA 

240 

lys leu glu glu trp lys ala gin gin gin lys ala^cys ile arg 
AAG TTG GAG GAG TGG AAG GCC CAG CAG CAA AAA GCC 1 TGC ATC AGA 



250 



260 



ala pro ile asp his gly leu glu gin leu glu jthr trp phe thr 
GCT CCC ATT GAC CAC GGG TTG GAA CAG CTG GAG 'ACA TGG TTC ACA 

270 

ala gly ala lys leu leu phe his leu arg gin. leu leu lys glu 
GCT GGA GCA AAG CTG TTG TTT CAC CTG AGG CAG CTG CTG AAG GAG 

280 "/ , 

leu Ivs qly leu ser, cys leu val ser ityr gin asp asp pro leu 
CTG AAG GGA CTG AGT TGC CTG GTT AGCjTAT CAG GAT GAC CCT CTG 

300 , . 

thr Ivs gly val asp leu arg asn iala gin val thr glu leu leu 
ACC AAA GGG GTG GAC CTA CGC AAC GCC CAG GTC ACA GAG TTG CTA 



310 



320 



gin arg J.eu leu his. arg alalphe.val val glu thr gin pro cys 
CAG CGT CTG CTC' CAC AGA GCC j TTT GTG GTA GAA ACC CAG CCC TGC 

330 

met pro gin thr pro his /arg pro leu ile leu lys thr gly ser 
ATG CCC CAA ACT CCC CAt'cGA CCC CTC ATC CTC AAG ACT GGC AGC 

340 350 
Ivs phe thr val arglthr arg leu leu val arg leu gin glu gly 
AAG TTC ACC GTC CGA'' ACA AGG CTG CTG GTG AGA CTC CAG GAA GGC 

360 

asn glu ser leu thr val glu val ser ile asp arg asn pro pro 
AAT GAG TCA CTG ACT GTG GAA GTC TCC ATT GAC AGG AAT CCT CCT 

370 , 
qln leu gin gly phe arg lys phe asn iie leu thr ser asn gin 
CAA TTA CAA GGC TTC CGG AAG TTC AAC ATT CTG ACT TCA AAC CAG 

, 390 
lys thr/leu thr pro glu lys gly gin ser gin gly leu ile trp 
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AAA ACT /tTG ACC CCC GAG AAG G6G CAG AGT CAG GGT TTG ATT TGG 

400 " , , 

asp/phe.gly tyr leu thr leu val glu' gin arg ser gly gly ser 
GAC/tTT GGT TAG CTG ACT CTG GTG -GAG CAA CGT TCA GGT GGT TCA! 

420 , , , 

alv Ivs qlv ser asn lys gly pro leu gly val thr glu glu i leu 
GGA AaS GGC aIc AAT AAG 6GG CCA CTA GGT GTG ACA GAG GAA CTG 

430 

his ile ile ser phe thr val lys tyr thr tyr gin gly leu lys 
CAC ATC ATC AGC TTC ACG GTC AAA TAT ACC TAC CAG GGT CTG AAG 

450 

qln glu leu lys thr asp thr leu pro val val ile !ile ser asn 
CAG GAG CTG AAA ACG GAC ACC CTC CCT GTG GTG ATT 'ATT TCC AAC 

460 ^'^^ 
met asn gin leu ser ile ala trp ala ser val leu trp phe asn 
ATG AAC CAG CTC TCA ATT GCC TGG GCT TCA GTT CTC TGG TTC AAT 

480 

leu leu ser pro asn leu gin asn gin gin jphe phe ser asn pro 
TTG CTC AGC CCA AAC CTT CAG AAC CAG CAG 'tTC TTC TCC AAC CCC 

490 , 500 • , 

pro lys ala pro trp ser leu leu gly Ipro" ala leu ser. trp gin 
CCC AAG GCC CCC TGG AGC TTG CTG GGC CCT GCT CTC AGT \TGG! CAG 

510 

phe ser ser tyr val gly arg gly -leu asn ser asp gin leu ser 
TTC TCC TCC TAT GTT GGC CGA GGC I CTC AAC TCA GAC: CAG CTG AGC 

520 530 
met leu arg asn lys leu phe gly gin asn cys arg thr glu asp 
ATG CTG AGA AAC AAG CTG TTC GGG CAG AAC TGT AGG: ACT GAG GAT 

i540 

pro^leu- leu ser trp ala asp phe thr lys arg glu ser pro pro 
CCA TTA TTG TCC TGG GCT CAC TTC ACT AAG CGA GAG AGC CCT CCT 



550 



560 



olv ivs leu pro phe trp thr trp leu asp lys ile leu glu leu 
GGC AAG TTA CCA TTC TGG ACA TGG CTG GAC AAA ATT CTG GAG TTG 

570 

val his asp his leu lys asp leu trp asn asp gly arg ile met 
GTA CAT GAC CAC ( CTG AAG 'GAT CTC TGG AAT GAT GGA CGC ATC ATG 



580 



590 



alv phe val ser arg ser gin glu arg arg leu leu lys lys thr 
GGC TTT GTG AGt'cGG AGC CAG GAG CGC CGG CTG CTG AAG AAG ACC 

600 

met ser gly thr phe leu leu arg phe ser glu ser ser glu gly 
ATG TCT /GGC ACC TTT CTA CTG CGC TTC AGT GAA TCG TCA GAA GGG 
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620 



610 

qlv ile thr cys ser trp v il glu his gin asp asp asp lys val , 
GGC^ ATT ACC TGC TCC TGG G ;G GAG CAC GAG GAT GAT GAG AAG GTG ^ 

6.i0 

leu ile tyr ser val gin pro tyr thr lys glu^ val\ leu gln -ser 
CTC ATC TAG TCT GTG CAA CCG TAG ACG AAG GAG;GTG^^TG GAG TCA 

640 650 
leu pro leu thr glu ile ile arg his tyr gin leu leu; thr glu 
CTC CCG GTG ACT GAA ATC ATC CGG CAT TAG GAG TTG CTG^ ACT GAG 

660 

glu asn ile pro glu asn pro leu arg phe leu tyr! pro arg ile 
GAG AAT ATA CCT GAA AAG CCA CTG CGG TTG CTC TAT. CCG GGA ATC 

670 .680 
pro arg asp glu ala phe gly cys tyr tyr gin glu lys val asn 
CCC CGG GAT GAA GCT TTT GGG TGG TAG TAG GAG GAG AAA GTT AAT 

690 

leu gin glu arg arg lys tyr leu lys his "arg leu ile val val 
CTC CAG GAA CGG AGG AAA TAG CTG AAA CAC'AGG CTC ATT GTG GTC 

700 I . 710 

ser asn arg gin val asp glu leu gin Igln pro leu glu leu lys 
TCT AAT AGA CAG GTG GAT GAA CTG CAA /CAA CCG CTG GAG CTT AAG 

720 

pro glu pro glu leu glu ser leu i glu leu glu leu gly leu val 
CCA GAG CCA GAG CTG GAG TCA TTA jGAG CTG GAA GTA GGG CTG GTG 

730 . 740 

pro glu pro glu leu ser leu ;asp leu glu pro leu leu lys ala 
CCA GAG CCA GAG CTC AGC CTG :GAC TTA GAG CCA CTG CTG AAG GCA 

750 . 

gly leu asp leu gly pro; glu leu glu ser val leu glu ser thr 
GGG CTG GAT CTG GGG CGa! GAG CTA GAG TCT GTG CTG GAG TCC ACT 

760 770 
leu glu pro val ilejglu pro thr leu cys met val ser gin thr 
CTG GAG CCT GTG ATA/ GAG CCC ACA CTA TGC ATG GTA TCA CAA AGA 

780 

val pro glu pro /asp gin gly pro val ser gin pro val pro glu 
GTG GCA GAG CCA/ GAG CAA GGA CCT GTA TCA CAG CCA GTG CCA GAG 

790 800 
pro asp leu pro cys asp leu arg his leu asn thr glu pro met 
CGA GAT TTG fcCC TGT GAT CTG AGA CAT TTG AAG ACT GAG CCA ATG 

810 

glu ile phe arg asn cys val lys ile glu glu ile met pro asn 
GAA ATG TTG AGA AAG TGT GTA AAG ATT GAA GAA ATC ATG CCG AAT 
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830 

asn thr val asp glu val tyr 
AAC ACC GTG GAT GAG GTT TAC 



thr asp gly pro leu met [pro 
ACT GAT GGA CCC TTG ATGj CCT 

850 851 

ser asp phe AM , 
TCT GAC TTC TAG GAACCACATTTCCTCTGTTCTTTTCATATCTCTTTGCCCTTCCTA 

CTCCTCATAGtATGATATTGTTCTCCAAGGATGGGAATCAGGCATGTGTCCCTTCCAAGC 

TGTGTTAACTGTTCAAACTCAGGCCTGTGTGACTCCATTGGGGTGAGAGGTGAAAGCATA 

ACATGGGTACAGAGGGGACAACAATGAATCAGAACAGATGCTGAGCCATAGGTCTAAATA 

GGATCCTGGAGGCTGCCTGCTGTGCTGGGAGGTATAGGGGTCCTGGGGGCAGGCCAGGGC* 

AGTTGACAGGTACTTGGAGGGCTCAGGGCAGTGGCTTCTTTCCAGTATGGAAGGATTTCA 

ACATTTTAATAGTTGGTTAGGCTAAACT6GTGCATACTGGCATTGGCCTTGGTGGGGAGC 

ACAGACACAGGATAGGACTCCATTTCTTTCTTCCATTCCTTCATGTCTAGGATAACTTGC 

TTTCTTCTTTCCTTTACTCCTGGCTCAAGCCCTGAATTTCTTCTTTTCCTGCAGGGGTTG 

AGAGCTTTCTGCCTTAGCCTACCATGTGAAACTCTACCCTGAAGAAAGGGATGGATAGGA 

AGTAGACCTCTTTTTCTTACCAGTCTCCTCCCCTACTCTGCCCCCTAAGCTGGCTGTACC ^ 

TGTTCCTCCCCCATAAAATGA'TCC'fGCCAATCTAAAAAAAAAA / 
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gly asp pro leu leu ala gly gin 
GGT GAC CCA CTG TTG GCT GGC.CAG 

840 

val ser arg pro ser his phe tyr 
GTC TCC CGC CCC AGC CAC TTC TAC 



wo 93/19179 



6/29 



PCT/US93/02569 



Fl<5 2.0. 

GCCGAGCCCCTCCGCAGACljCTGCGCCGGAAAGTTTCATTTGCTGTATGCCATCCTCGA 
GAGCTGTCTAGGTTAACGTTC6CACTCTGTGTATATAACCTCGACAGTCTTGGCACCTA 
ACGTGCTGTGCGTAGCTGCTCCTTTGGTTGAATCCCCAGGCCCTTGTTGGGGCACAAGG 



1 10 
met ser gin trp tyr glu leu gin gin leu asp ser lys 
TGGCAGG ATG TCT CAG TGG TAC GAA CTT CAG CAG CTT GAC TCA AAA 

20 

phe leu glu gin val his gin leu tyr asp asp ser phe pro n^t 
TTC CTG GAG CAG GTT. CAC CAG CTT TAT GAT GAC AGT TTT CCC ATG 

30 , 

qlu ile arg gin /tyr leu ala gin trp leu glu lys gin asp trp 
GAA ATC AGA CAG ^TAC CTG GCA CAG TGG TTA GAA AAG CAA GAC TGG 

50 

glu his ala/ ala asn asp val ser phe ala thr ile arg phe his 
GAG CAC GCT/ GCC AAT GAT GTT TCA TTT GCC ACC ATC CGT TTT CAT 



60 



70 



asp leu /leu ser gin leu asp asp gin tyr ser arg phe ser leu 
GAC CTC CTG TCA CAG CTG GAT GAT CAA TAT AGT CGC TTT TCT TTG 



80 

glut asn asn phe leu leu gin his asn ile arg lys ser lys arg 
gag! AAT AAC TTC TTG CTA CAG CAT AAC ATA AGG AAA AGC AAG CGT 

90 ( 
asn leu gin asp asn phe gin glu asp pro ile gin met serimet 
AAT CTT CAG GAT AAT TTT CAG GAA GAC CCA ATC CAG ATG TCT ! ATG 



ile ile tyr ser cys 

ATC ATT TAC AGC TGT 

120 

ala gin arg phe asn 

GCC CAG AGA TTT AAT 



val met leu asp lys 
GTG ATG TTA GAC AAA 

150 

val lys asp lys val 
GTG AAG GAC AAG GTT 



110 

leu lys glu glu arg lys ile leu 
CTG AAG GAA GAA AGG AAA ATT CTG 



glu asn 
GAA AAC 



gin ala 
CAG GCT 

140 
gin lys 
CAG AAA 



met cys 
ATG TGT 



gin ser 
CAG TCG 



glu leu 
GAG CTT 



ile glu 
ATA GAG 



,130 

gly asn lile gin ser thr 
GGG AAT /ATT CAG AGC ACA 



asp ser^lys val arg asn 
GAC AGT : AAA GTC AGA AAT 



hi s 



' 160 

glu ile lys ser leu 



CAT GAA ATC AAG AGC CTG 



170 



glu asp leu gin asp glu tyr asp phe, lys cys lys thr leu gin 
GAA GAT TTA CAA GAT GAA TAT GAC TTC/ AAA TGC AAA ACC TTG CAG 
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180 "^^^ 
asn aro alu his glu thr asn gly val ala lys ser asp gin lys 
AAC AGA GAA CAC GAG ACC AAT GGT.GTG GCA AAG AGT GAT CAG AAA 

200 

aln alu qln leu leu leu lys I lys met tyr leu met leu asp asn 
CAA GAA CAG CTG TTA CTC AAg/ AAG ATG TAT TTA ATG CTT GAG AAT 

210 220 
lys arg lys glu val val/ his lys ile ile glu leu leu asn val 
AAG AGA AAG GAA GTA GTl/ CAC AAA ATA ATA GAG TTG CTG AAT GTC 

^ 230 

thr glu leu thr gin asn ala leu ile asn asp glu leu val glu 
ACT GAA CTT ACC CAG AAT GCC CTG ATT AAT GAT GAA CTA GTG GAG 

240 250 
tro lys arg arglgln gin ser ala cys ile gly gly pro pro asn 
TGG AAG CGG AGA CAG CAG AGC GCC TGT ATT GGG GGG CCG CCC AAT 



I 



ala cys leu 

GCT TGC TTG 



260 



sp gin leu gin gin val arg gin gin leu lys lys 
lAT CAG CTG CAG CAA GTT CGG CAG CAG CTT AAA AAG 

280 

leu aid glu leu glu gin lys tyr thr tyr glu his asp pro ile 
TTG GAG GAA TTG GAA CAG AAA TAC ACC TAC GAA CAT GAC CCT ATC 



ill 



290 



thr llvs asn lys gin val leu trp asp arg thr phe ser leu phe 
ACA AAA AAC AAA CAA GTG TTA TGG GAC CGC ACC TTC AGT CTT TTC 

300 ^•'•^ , 

aln qln leu ile gin ser ser phe val val glu arg gin pro. cys 
CAG CAG CTC ATT CAG AGC TCG TTT GTG GTG GAA AGA CAG CCC^ TGC 

320 

met pro thr his pro gin arg pro leu val leu lys thr gly val 
ATG CCA ACG CAC CCT CAG AGG CCG CTG GTC TTG AAG ACA ^G GTC 

330 340 
aln Dhe thr val lys leu arg leu leu val lys leu gin glu leu 
CAG TTC ACT GTG AAG TTG AGA CTG TTG GTG AAA TTG CAA GAG CTG 

350 

lys asp val asn 
AAA GAT GTG AAT 



asn tvr asn leu lys val lys val leu phe asp 
AAT TAT AAT TTG AAA GTC AAA GTC TTA TTT GAT 



&60 , , 

alu ara asn thr val lys gly phe arg lys phe asn lie leu gly 
GAG AGA. ^? ACA GTA aAa GGA ?TT AGG AAGjTTC AAC ATT TTG GGC 

380 1 

thr his thr Ivs val met asn met glulglu ser thr asn gly ser 
ACG CAC ACA AAA GTG ATG AAC ATG GAG '-GAG TCC ACC AAT GGC AGT 
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400 

Si? ?!? ss ^t? is s;;^ ?is ^ s 

410 , , , 

Si? '.s III '-^ p s? is ^is Si lie 

430 

i?? E ?s s li;; '.?c ?^ s ?is s? s s 

/ 440 

Si s i- ?s is Si Si iic Si 

450 

a.5n val ser aln leu pro ser gly trp ala ser ile leu trp tyr 
Sc aSc pC CCG AGC GGT TGG GCC TCC ATC CTT TGG TAG 

««n met- leu l/al ala glu pro arg asn leu ser phe phe leu thr 
tic A?G C?G Sg GCG GAA CCG AGG AAT CTG TCC TTC TTC CTG ACT 

480 

?S ^i^fs S» S^I Si? SS is SK Ei^ Si iS 

. 500 

?iS ?5? ?S S? Si iSi S iS lii iS S Si Si? i?"c 

510 "° f 

= cr. met- 1 Pu olv ulu Ivs leu leu gly pro asn ala ser pro asp 
A?G i?G GGA GAG AAG CTT CTT GGT CCT AAC GCC AGC CCC jGAT 



III ii? TG? ^CG agI iiis ^; 

S40 

Ivs asn Phe pro phe trp leu trp lie glu ser ile leu glu leu 
m1 fly ?T? CCC ?TC TGG CTT TGG ATT GAA AGC ATC CTA GAA CTC 

560 / ^ 

ilP lv3 Ivs his leu leu pro leu trp asn asp ^gly cys ile met 
PjI cll CTG CTC CCT CTC TGG AAT GAT, GGG TGC ATC ATG 

oh^ -ilP ser Ivs qlu arg glu arg ala leu leu lys asp gin 

Igc ?;? lie AGC Jag gag cga gag cg? gcc ctg ttg aag gac cag 

590 

•, ^1,. vv,^ nh«» if>u leu arq phe ser glu ser ser arg giu 

Hg III III A^C ?5c C?G C?G CGG ?TC AGT EaG AGC TCC CGG GAA 



600 



610 
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gly ala ile thr phe thr trp val /glu arg ser gin asn gly gly 
GGG GCC ATC ACA TTC ACA TGG GTG {GAG CGG TCC GAG AAC GGA GGC 



620-1 

glu pro asp phe his ala val 
GAA OCT GAG TTC CAT GCG GTT 



glu pro tyr thr lys lys glu leu 
GAA CCC TAG ACG AAG AAA GAA CTT 

\ 



630 

ser ala val thr phe pro asp ile ile arg asn tyr lys val met 

TCT 6CT GTT ACT TTC CCT GAC ATC ATT CGC AAT TAG AAA GTC ATG 

650 

ala ala glu asn ile pro glu asn pro leu lys tyr leu tyr pro 

GCT GCT GAG AAT ATT CCT GAG AAT CCC CTG AAG TAT CTG TAT CCA 

660 670 

asn ile asp lys asp his /ala phe gly lys tyr tyr ser arg pro 
AAT ATT GAC AAA GAC CAT/ GCC TTT GGA AAG TAT TAC TCC AGG CCA 

680 

lys glu ala pro glu pro met glu leu asp gly pro lys gly thr 

AAG GAA GCA /CCA GAG CCA ATG GAA CTT GAT GGC CCT AAA GGA ACT 

690 . 700 

gly tyr lie lys thr glu leu ile ser val ser glu val his pro 
GGA TAT iATC AAG ACT GAG TTG ATT TCT GTG TCT GAA GTT CAC CCT 



ser/ arg leu gin thr thr asp asn leu leu pro met ser pro glu 
TCTi AGA CTT CAG ACC ACA GAC AAC CTG CTC CCC ATG TCT CCT GAG 

'i 

720 730 
glu phe asp glu val ser arg ile val gly ser val glu phe asp 
GAG TTT GAC GAG GTG TCT CGG ATA GTG GGC TCT GTA GAA TTC GAC 

739 

ser met met asn thr val AM / 

AGT ATG ATG AAC ACA GTA TAG AGCATGAATTTTTTTCATCTTCTpTGCCGACAG 

TTTTCCTTCTCATCTGTGATTCCCTCCTGCTACTCTGTTCCTTCA^ATCCTGTGTTTCTA 

GGGAAATGAAAGAAAGGCCAGCAAATTCGCTGCAACCTGTjPGATAGCAAGTGAATTTTTC 

TCTAACTCAGAAACATCAGTTACTCTGAAGGGCA^ATGpATCTTACTGAAGGTAAAATT 

GAAAGGCATTCTCTGAAGAGTGGGTTTCAckAGTGAAAAACATCCAGATACACCCAAAGT 

ATCAGGACGAGAATGAGGGTCCTT'^GGAAAGGAGAAGTTAAGCAACATCTAGCAAATGT 

tatgcataaagtcagtgccc|aactgttataggttgttggataaatcagtggttatttagg 

GAACTGCTTGACGTAGGAACGGTAAATTTCTGTGGGAGAATTCTTACATGTTTTCTTTGC 

tttaagtgtaactggcagttttccattggtttacctgtgaaatagttcaaagccaagttt 
atatacaattatatcagtcctctttcaaaggtagccatcatggatctggtagggggaaaa 



710 
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TGTGTATTTTATTACATCTTTCACATTGGCTATTTAAAGACAAAGACAAATTCTGTTTCT 
TGAGAAGAGAATATTAGCTTTACTGTTTGTTATGGCTTAATGACACTAGCTAATATCAAT 
AGAAGGATGTACATTTCCAAATTCACAAGTTGTGTTrGATATCCAAAGCTGAATACATTC 
TGCTTTCATCTTGGTCACATACAATTATTTTTACAGTTCTCCCAAGGGAGTTAGGCTATT 
,-^CAACCACTCATTCAAAAGTTGAAATTAACCATAGATGTAGATAAACTCAGAAATTTAA 
TTCATGTTTCTTAAATGGGCTACTTTGTCCTTTTTGTTATTAGGGTGGTATTTAGTCTAT 
TA6CCACAAAATTGGGAAAGGAGTAGAAAAAGCAGTAACTGACAACTTGAATAATACACC 

- AGAGATAATATGAGAATCAGATCATTTCAAAACTCATTTCCTATGTAACTGCATTGAGAA 
CTGCATATGTTTCGCTGATATATGTGTTTTTCACATTTGCGAATGGTTCCATTCTCTCTC 
CTGTACTTTTTCCAGACACTTTTTTGAGTGGATGATGTTTCGTGAAGTATACTGTATTTT 

^ TACCTTTTTCCTTCCTTATCACTGACACAAAAAGTAGATTAAGAGATGGGTTTGACAAGG 
TTCTTCCCTTTTACATACTGCTGTCTATGTGGCTGTATCTTGTTTTTCCACTACTGCTAC 
CACAACTATATTATCATGCAAATGCTGTATTCrrCTTTGGTGGAGATAAAGATTTCTTGA 
GTTTTGTTTTAAAATTAAAGCTAAAGTATCTGTATTGCATTAAATATAATATCGACACAG 
TGCTTTCCGTGGCACTGCATACAATCTGAGGCCTCCTCTCTCAGTTTTTATATAGATGGC 
iJAGAACCTAAGTTTCAGTTGATTTTACAATTGAAATGACTAAAAAACAAAGAAGACAACA 
TTAAAAACAATATT6TTTCTAAAAAAAAAAAAAAAAAAAA 
Translated Mol. Weight •= 86058. T2 
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GCCGAGCCCCTCCGCAGRCTCTGCGCCGGAAAGTTTCATTTGCTGTATGCCATCCTCGA 

gagctgtctag6ttaacgttcgcactctgtg4atataacctcgacagtcttggcaccta 
aci^tgctgtgcgtagctgctcctttggttgLvtccccaggcccttgttggggcacaagg 



1 ■ ^° 

met ser gin trp tyr glu leu gin gin leu asp ser lys 
TGGCAGG ATG TCT gag TGG tag GAA CTT gag CAG CTT GAC TCA AAA 



?;? j?s Sis ?is Si Hi ?i£ J?; - - - 

nil, lie ara aln tvr leu ala gin trp leu glu lys gin asp trp 
KTC III cll TAG CTG GCA CAG TGG TTA GAA AAG CAA GAC TGG 

glu his ala ala asn asp val ser phe ala thr ile arg phe his 
GAG CAG GCT GCC AAT GAT GTT TCA TTT GCC ACC ATG CGT TTT CAT 

60 

asp leu leu ser gin leu asp asp gin tyr ser arg phe ser leu 
GAC CTC CTG TCA CAG CTG GAT GAT CAA TAT AGT CGC TTT TCT TTb 

80 

III S S ir= lis ™? - S - iSa ?^ 

90 

S S ?iS 11^ i;; ??? ?iS.2- ?S iic ?is ??5 s 

110 

ji» .,pr CVS leu Ivs glu glu arg lys ile leu glu asn 

JrC S iKc AGC TG? C?G IaA IaA AGG AAA ATT CTG GAA AAC 

120 

'il ?iS S 1- SJ? ll^ ill ii? - 

140 

To i?S oi? iiS lis iiS lis iSI l^l III S 

160 

1^1 ils Si? ilS III ?oi HI lis Si? Si^ iiS - 

glu asp leu gin asp glu tyJ asp phe lys cys lys thr leu gin 
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GAA GAT TTA CAA GAT GAA TAT GAC TTC AAA TGC AAA ACC TTG CAG 
180 "° 

III lii; 'Ai lis III &i - - - 

200 

■111 111 SiS S S i?S iiS iXI ffi S S ^? S 

210 

Ivs ara Ivs qlu val val his lys ile ile glu leu leu asn val 
i^G AGA ill GTA GTT CAC aLv ATA ATA GAG TTG CTG AAT GTC 

230 , , 

t-hr alu leu thr gin asn ala leu ile asn asp glu leu val glu 
IcT GA^ Cri ACC CAG AAT GCC CTG ATT AAT GAT GAA CTA GTG GAG 

240 250 
hrn ivs ara ara qln gin aer ala cys ile gly gly pro pro asn 
TgE 111 CGG AGA CAG CAG AGC GCC TGT ATT GGG GGG CCG CCC AAT 

260 , , 

ala CVS leu asp gin leu gin gin val arg gin gin leu lys lys 
GC? 7gI T?S gat CAG CTG CAG CAA GTT CGG CAG CAG CTT AAA AAG 

270 280 
leu alu qlu leu glu gin lys tyr thr tyr glu his asp pro ile 
TTG GAG GAA TTG GAA CAG AAA TAC ACC TAC GAA CAT GAC CCT ATC 

290 

thr Ivs asn ivs gin val leu trp asp arg thr phe ser leu phe 
ACA aI^ S aK^ CAA GTG TTA TGG GAC CGC ACC TTC AGT CTT TTC 

300 310 



gin gin leu ile gin ser ser phe val val glu arg gin pro cys 
CAG CAG CTC ATT CAG AGC TCG TTT GTG GTG GAA AGA CAG CCC TGC 

320 

met pro thr his pro gin arg pro leu val leu lys thr gly val 

ATC IcA ACG CAC CCT CAG AGG CCG CTG GTC TTG AAG ACA GGG GTC 

330 

aln Dhe thr val lys leu arg leu leu val lys leu gin glu leu 
CaS ?TC AC^ GTG AAG TTG AGA CTG TTG GTG AAA TTG CAA GAG CTG 

350 

a^n tvr asn leu Ivs val lys val leu phe asp lys asp val asn 
flj S AA? T?G AAA GTC AAA GTC TTA TTT GAT AAA GAT GTG AAT 

360 ^''^ 
glu arg asn thr val lys gly phe arg lys phe asn ile leu gly 
GAG AGA AAT ACA GTA AAA GGA TTT AGG AAG TTC AAC ATT TTG GGG 

380 

thr his thr lys val met asn met glu glu ser thr asn gly ser 
IcG CA? ACA AAA GTG ATG AAC ATG GAG GAG TGC ACC AAT GGG AGT 
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390 

leu ala ala qlu phe arg his leu gin leu lys glu gin lys asn 
CTG Gcl GA^ TTT CGG CAC CTG CAA TTG AAA GAA CAG AAA AAT 

410 

= 1= r,i« t-hr ara thr asn alu glv pro leu lie val thr glu glu 
Sc? GG^ A^C III aHg IaG Ig? CCT CTC ATC GTT ACT GAA GAG 

420 

1*111 his ser leu ser phe glu thr gin leu cys gin pro gly leu 
cTt! Si? ?CC C?? AG^ TT? GAA ACC CAA TTG TGC CAG CCT GGT TTG 

440 , 
val lie asp leu glu thr thr ser leu pro val val val lie ser 
G?A ATT III CTC GAG ACG ACC TCT CTG CCC GTT GTG GTG ATC TCC 



450 



460 



asn val ser qln leu pro ser gly trp ala ser ile leu trp tyr 
fll Sc lie CaS CTC CCG AGC GGT TGG GCC TCC ATC CTT TGG TAG 

470 

asn met leu val ala glu pro arg asn leu ser phe phe leu thr 
flc MG C?G GTG GCG GAA CCC AGG AAT CTG TCC TTC TTG CTG ACT 

480 

pro pro cys ala arg trp ala gin leu ser glu val leu ser trp 
CCA CCA TGT GCA CGA TGG GCT CAG CTT TCA GAA GTG CTG AGT TGG 

500 

nln Dhe ser ser val thr lys arg gly leu asn val asp gin leu 
CAG TTT TCT ill GTC ACC AAA AGA GGT CTC AAT GTG GAC CAG CTG 

510 520 
asn met leu qlv qlu lys leu leu gly pro asn ala ser pro asp 
plc ATG tIg Iga gag AAG CTT CTT GGT CCT AAC GCC AGC CCC GAT 

530 

qlv leu ile pro trp thr arg phe cys lys glu asn ile asn asp 
GGT CTC ATT CCG TGG ACG AGG 'TTT TGT AAG GAA AAT ATA AAT GAT 

540 

Ivs asn phe pro phe trp leu trp ile glu ser ile leu glu leu 
AAA AAT TTT CCC TTC TGG CTT TGG ATT GAA AGC ATC CTA GAA CTC 

560 

ile Ivs lys his leu leu pro leu trp asn asp gly cys lie met 
ATT aL aL CAC CTG CTC CCT CTC TGG AAT GAT GGG TGC ATC ATG 

670 580 
gly phe ile ser lys glu arg glu arg ala leu leu lys asp gin 
GGC TTC ATC AGC AAG GAG CGA GAG CGT GCC CTG TTG AAG GAC CAG 

590 \ 

aln oro qlv thr phe leu leu arg phe 'ser glu ser ser arg glu 
cIg CCG GGG ACC TTC CTG CTG CGG TTC iAGT GAG AGC TCC CGG GAA 
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li i\i Hi SI i'l - s &i 

620 

y.r. hie ala val alu pro tyr thr lys lys glu leu 
111 Ec? Ill ?TC ScS GTT ?CC tL ACG AAG AAA GAA CTT 

640 

?S S o?i '.5^ ?K ?S S S S S S c?J 

s s^? lie Ji; ii? s; Is s ?s s s J?s ?s 

670 

S ^ II? is - - ?5? 1^ S S ISc 

t 680 

i^^^ ?s lis s II? s a s 

700 701 

S ii? S as i^G ^i? ?S Gfo S li^ GX^G ^AA GTGAAC 

ACAGAAGAGTGACATGTTTACAAACCTCAAGCCAGCCTTGCTCCTGGCTGG6GCCTGTTG 
AAGATGCTTGTATTTTACTTTTCCATTGTAATTGCTATCGCCATCACAGCTGAACTTGTT 
GAGATCCCCGTGTTACTGCCTATCAGCATTTTACTACTTTAAAAAAAAAAAAAAAAGCCA 
AAAACCAAATTTGTATTTAAGGTATATAAATTTTCCCAAAACTGATACCCTTTGAAAAAG 
TATAAATAAAATGAGCAAAAGTTGAAAAAAAAAAAAAAAAAAAA 
Translated Mol. Weight = 8n66.23 
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The Polypeptides of ISGF-3 



\j 



.113" 

• 91 ■ 
84 • 
48 



1 2 3 



F(6 S 



Sau3AI 
J 
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I L_ 



Sau3AI Haelll 



B 



SauSAI 
I 



Smal AfliI 
—Mr— An 



BCD 



4.4 
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28S 



^ w 1^ 



18S 
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Amino Acid Sequence of the 91 kd and S4 kd Proteins 



1 MSOKYELQQLDSKFLEQVHQLYDDSFPHEIRQYtAQHLEKQDKEHAMIDV 

51 SrX7IRFHDLLSQlJ>DQYSRFSLEHllFLIiQHKIRKSICRNL0DNrQEDPID 

101 HSHIiySCLKEERKILEHAORFHQAQSGNIQSTVHLDKQKELDSKVRNVK 

151 DKVKCIEHEIKSLCDLQD£YDFKCKTLOHR£HETNGV\KSDQKOEQLtLK 

201 KHT LNLDNKRKE WHKI XELLHVTELTQNlLLIHDEtVEtfKRROOSACIGG 

251 PPNACLDOLQQVRQQLKKLEELEQKYTYEHDP ITKNKOVLHDRTPSLFOO 

301 LIQSSFWCRQPCHPTHPQRPLVtKTGVOPTVKLRLLVXtQBLimiLKVK 

351 VLFDKDVNEWH'VKGFWCrNIlXJTK^KVMMMEESTHGSIJlAErRHLQLKE 

401 QKNKGTRTNEGPiIVTEELH3LSFETQLCQPGLVIDLETTSLPVWISHV 

451 SOLPSGWASILfnrNHLVAEPRKLSFFLTPPCARWAOLSEVLSHQFSSVTK 
t27 

501 RG LWVDOLHMI/;E KLLGPMASPDGLTPWTRFCKEMTHDKMFPrWLWTEST 
119 

551 LELIKKHLLPLHKDGCIHGFISKERERALLKDOOPGTFLLRFSESSREGA 
601 ITFTHVERSO»GGEPDFHAVEPXTKKELSAVTFPDIIRNyKVUaAEMIBE 

t13a 

651 NPtKYLI£HIfiKDHAFGKyySRPKEAPEPM£LDGPKGTGYIKT£LISVSE 

113b 

701 VHPSRLQTTDNLLPMSPEEFDEVSRIVGSVEFDSMHNTV 

last amino acid of 64 kd 
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Immune 



Silver Stained 



155 i42 a57 a b e 



91kd- 
04kcl' 




-116 

- 96 

- 66 



45 



Prelmmune 



155 142 157 
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Y-Component ^ 
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MAOWEMLQNLDSPFQDQLHQLYSHSLLPVDIRQYLAVHIEDQNWQEAALGSDDSKATMLF 
FHFLDQLNYECGRCSQDPESLLLOHHLRKFCRDIOPFSQDPTQLAEMIFNLLLEEKRILI 



OAQRAOLEQGEPVLET PVESOQHEIESRILDLRAMMEKLVKSISQl LKDQQDVFCFRYKIQ 

— SwTi 



AKGKTPSLPPH bTKEQKILQETLNELPKRRKEVLDASKALLGRLTTLIELLLPKLEEWKAl 



[qqq^ acirapidhgl Ieqletwftagakllfhlrqllkelkglsp lvsyqddpltkgvdlr 

NAQVTELLORLLHRAFVVETQPCMPQTPHRPLILKTGSKFTVRTRLLVRLQEGNESLTVE 

vsidrnppqlqgfrkfniltsnqktltpekgqsqgliwdfgyltlveqrsggsgkgsnkg 
plgvteelhiisftvkytyqglkoelktdtlpvviisnmnqlsiawasvlwfnllspnlq 
mooffswppkapwsllgpalswqfssyvgrglnsdqiismlrnklfgqncrt edplls wad 

c 

ftkresppgklpfwtwldkilelvhdhlkdlwndgrimgfvsrsqerrllkktmsgtfll 

ppcircgpf;f=TTr<!MVPH0nnniCVf.TYfiVnPYTKEVLOSLPLTEIIRH YOLLTEEWIPENP 



LRFLYPRIPRDEAFGCYYQEKVNLQERRKYLKHRLIVVSHRQVg 



■mmmmn 



LSLgLGLVpBpBLSL 5LS*^L|| AGLBLGpBLBsV LB sTLBpVlBpTLCMVS0TVpipBQG 



PVSQPVP 



LRHLNT^PM jlF^CV^lffllMPNGSpLLAGQNTV^VYVSRPSHF 



YTDGPLMPSDF 
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B. 



113 kD 
e4/91kD 
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FIGURE 17 
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